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WOoOMEN’s HEALTH IN THE U.S.: NIAID RESEARCH ON
HEeALTH IssuEs AFFECTING WOMEN

s we enter a new century and a new

millennium, NIAID is faced with increasing
numbers of emerging infectious, immunologic, and
allergic diseases. Many of these diseases have
been shown to inordinately affect women, and
women have now become the focus of various in-
vestigations. Human immunodeficiency virus (HIV/
AIDS), for example, is now the third leading cause
of death for all women between the ages of 25 and
44 and the leading cause of death for African
American women in this age group. The Centers
for Disease Control and Prevention (CDC)
estimates that 92,242 cumulative AIDS cases had
occurred in adult and adolescent women in the
United States by the middle of 1997. Women
comprise approximately 15 percent of the total
number of adult and adolescent AIDS cases.
Moreover, according to the Joint United Nations
Programme on HIV/AIDS (UNAIDS), mother-to-
infant transmission of HIV accounts for more than
90 percent of all cases of childhood HIV infection
worldwide. Mother-to-infant HIV transmission can
occur during pregnancy or childbirth or through
breastfeeding. An estimated 1,800 HIV-infected
babies are born each day in the developing world.
Fortunately, however, recent studies by NIAID-
supported researchers and others signal progress
against HIV infection in babies. A September 1999
research report found that a new drug regimen
could potentially prevent 300,000 to 400,000
newborns per year from beginning life infected with
HIV.

Another important research effort regarding
women’s health issues is the Women'’s Interagency
HIV Study (WIHS), a multicenter investigation
established in 1993 to study the natural history of
HIV infection in women in the United States. NIAID,
the National Institute of Child Health and Human

Development (NICHD), the National Institute on
Drug Abuse (NIDA), the National Cancer Institute
(NCI), and the National Institute of Dental Research
(NIDR) cosponsor WIHS, which was recently
renewed for a second five-year period. Since its
inception, more than 2,600 women have enrolled
in the WIHS, recruited from HIV care clinics and
hospitals, community outreach sites, women'’s
support groups, and drug rehabilitation programs.
It has been said that, in the coming years, the WIHS
will play an important role beyond that of studying
the impact of HIV infection on women. As the
largest American cohort study of HIV infection
initiated in the era of potent antiretroviral therapy,
the WIHS will be invaluable in elucidating markers
of disease progression, identifying long-term toxicity
of newer therapies, and monitoring the development
of antiviral resistance over time.

As research has increasingly connected the risk
of HIV transmission to the presence of sexually
transmitted diseases (STDs), NIAID has continued
research into the biological and biochemical
underpinnings of various STDs, as well as their
manifestations and potential treatments. For
example, NIAID recently designed a culturally
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relevant intervention to help women recognize that
they are susceptible to sexually transmitted
diseases, including AIDS, and can do something
about it. Researchers have reasoned that
interventions that prevent STDs may also help
prevent sexually acquired HIV infection.

This is important because each year, there are
an estimated four million cases of chlamydia,
500,000 cases of gonorrhea, and 16,500 cases
of primary and secondary syphilis. The conse-
quences of these conditions are devastating, both
in human and in economic terms. For example,
untreated chlamydial and gonorrheal infections can
lead to pelvic inflammatory disease (PID), which
often results in scarring of a woman'’s fallopian tubes
and life-threatening tubal pregnancies. Chlamydia,
gonorrhea, and other infections of a woman’s upper
reproductive tract also can cause complications of
pregnancy such as fetal wastage, low birth weight,
and congenital infection. Although the number of
syphilis cases in 1995 was the lowest reported in
this century, the neurologic, cardiac, and other
manifestations of late-stage syphilis are severe, as
are the potential consequences to the newborn of
a woman with syphilis.

The control of many STDs has been
complicated by the frequency of asymptomatic
infections; the lack of safe, effective vaccines; the
cost and technical difficulty of available diagnostic
tests; the expense of single-dose oral therapies;
and the absence of effective methods that women
can use to protect themselves from STDs. NIAID
has addressed these challenges with a
multidisciplinary research strategy that includes
basic science, vaccine development, behavioral
science, development of topical microbicides
(chemical and physical barriers that women can
use intravaginally to inactivate sexually transmitted
pathogens), and the development of rapid and
inexpensive diagnostic tests.

Because hepatitis, particularly hepatitis C, has
emerged as a significant infectious threat to women
in the United States, this NIAID report on women’s
health includes for the first time a section on

hepatitis. The most common types of hepatitis (liver
inflammation) include hepatitis A, B, and C.
Hepatitis B virus (HBV) is an easily transmitted
bloodborne disease that leads to chronic infections,
especially in neonates infected at birth, and is a
leading cause of liver cancer. Hepatitis C virus
(HCV), also blood borne, has infected almost four
million people in the United States, many of whom
are women. About 70 percent of individuals infected
with HCV eventually develop chronic liver disease,
15 percent develop cirrhosis, and five percent die.
The asymptomatic nature of HCV causes many
infected individuals to unknowingly transmit the
disease to others. Hepatitis E, although more rare,
also poses a particular threat to pregnant women.
A good vaccine candidate has yet to be developed.

NIAID has also taken the lead on tackling
another vexing issue for women—autoimmune
diseases. Autoimmune diseases, which include
insulin-dependent diabetes, systemic lupus
erythematosus (SLE), rheumatoid arthritis, and
multiple sclerosis, are illnesses in which the immune
system attacks the body’s own tissues. While many
autoimmune diseases are rare, collectively they
afflict more than five percent of the United States
population and a disproportionate number of
women, particularly women of working age and in
their childbearing years. Specifically, approximately
240,000 Americans are diagnosed with or
suspected of having systemic lupus erythematosus,
90 percent of whom are women. SLE damages
multiple tissues and organs. Muscles, skin, joints,
and kidneys, as well as the brain and nerves, may
be affected. The chronic nature of the diseases
leads to high medical costs.

Among its other activities, NIAID established the
Office of Research on Minority and Women'’s Health
(ORMWH) in 1994 (renamed the Office of Special
Populations and Research Training [OSPRT] in
1998), with the primary function of providing the
NIAID director and senior staff with advice and
guidance on matters relating to research on minority
and women'’s health and enhancing the participation
of minorities and women in biomedical research.
OSPRT staff members serve as the focal point for
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establishing NIAID-wide goals for minority and
women’s research and training programs and for
coordinating and developing these programs.
OSPRT develops initiatives to enhance research
efforts targeted to minority and women'’s health and
to increase the effectiveness of outreach and
education programs. To facilitate the Institute’s
outreach efforts, OSPRT provides information to
the scientific and medical communities and other
government agencies about NIAID minority and
women’s health activities and involves them in
efforts to expand and encourage minority and
women’s health research and training programs.
To help the Institute achieve and maintain a diverse
work force, the OSPRT staff works to develop long-
term Institute goals for the proportional
representation of women and minorities among
NIAID staff members.

The OSPRT director has the lead role for the
Institute in implementing the NIH guidelines on the
inclusion of women and minorities in clinical
research and promotes increased NIAID enroliment
of minorities and women in intramural and
extramural clinical trials. When appropriate, the
director assists the division directors of NIAID in
developing new research initiatives related to
women and minorities and coordinates NIAID efforts
in attracting funding support from NIH and other
government and nongovernment agencies.

Established in 1990, the NIH Office of Research
on Women'’s Health (ORWH) serves as a focal point
for enhancing research on diseases, disorders, and
conditions that are unique to, more prevalent
among, or more serious in women. Tasked with
identifying different risk factors or interventions for
women than for men, ORWH strives to ensure that
women are appropriately represented in NIH-
supported biomedical and behavioral research
studies and the Office supports the advancement
of women scientists in biomedical careers. Although
this office does not directly fund studies, it provides
funds for ongoing and new projects through the
various Institutes and Centers at NIH. As such, the
office plays a coordinating role for women’s health
research conducted and supported by scientists

across the Institutes, Centers, and Divisions
comprising NIH.

To facilitate its trans-NIH role, ORWH
established the Coordinating Committee on
Research on Women'’s Health (CCRWH), which is
composed of representatives from the NIH
Institutes, Centers, and Divisions. This committee
assists the associate director of ORWH in
identifying research needs in the field of women’s
health and in estimating the funds needed to
adequately support this research. CCRWH also
supports the inclusion of women in clinical trials
and develops methodologies to determine the
circumstances when obtaining data such as a
woman’s age or her racial or ethnic group is
appropriate in these trials. CCRWH plans and
conducts an annual Women’s Health Seminar
Series for NIH employees and the community at
large. The seminar series subcommittee brings
noted presenters from across the nation to NIH to
discuss innovative research and discoveries on the
pertinent health issues affecting women. Through
their future collaborative efforts, NIAID and ORWH
will continue to explore research initiatives directed
at improving the health of all women.

NIAID Research on Women’s Health
Issues

NIAID conducts research, either through its own
laboratories or through funded mechanisms, on a
broad spectrum of infectious, immunologic, and
allergic diseases, many of which inordinately affect
women.

In all of its clinical research, including biomedical
and behavioral studies, NIAID complies with the
1993 NIH Guidelines on the Inclusion of Women
and Minorities as Subjects in Clinical Research.
Congress mandated the establishment of these
guidelines in the NIH Revitalization Act of 1993,
and NIAID staff members participated in their
development. The guidelines stipulate that women
and members of minority groups must be included
in all NIH-supported research projects involving
human subjects, unless there is a compelling
reason that such inclusion would be inappropriate.
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The guidelines also state that women of
childbearing potential should not be routinely
excluded from participation in clinical research.

In addition to funding research, NIAID supports
conferences, meetings, and workshops. Within the
last decade, NIAID has either sponsored or
cosponsored a workshop on developing outcome
measures for clinical trials of chronic fatigue
syndrome therapies, a meeting on cellular
interactions between HIV and human papillomavirus
(HPV), and a workshop on methodological
challenges involved in large-scale prevention and
control efforts for sexually transmitted diseases.

Besides communicating research results to
scientists through workshops and conferences,
NIAID also communicates medical information to
the general public and physicians through its Office
of Communications and Public Liaison (OCPL).
Every year, more than 15,000 people call the
Institute for information, and thousands more write
for copies of pamphlets and other materials. Among
other documents, OCPL has prepared educational
materials on STDs, pelvic inflammatory disease,
chronic fatigue syndrome, and HIV infection among
women.'
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Sexually transmitted diseases (STDs) are
caused by microorganisms, or microbes.
These include bacteria, which are one-celled
organisms, and viruses, which are extremely small
organisms consisting of genetic material
surrounded by a protein shell. A crucial difference
between these two types of microbes is that bacteria
can reproduce themselves, whereas viruses must
reproduce within host cells, using the cells’ protein-
producing machinery. STDs caused by bacteria
include gonorrhea, syphilis, and chlamydial
infection; those caused by parasites include
trichomoniasis; and those caused by viruses include
AIDS, genital herpes, genital warts, and cervical
cancer.

Sexually transmitted diseases are among the
most common infectious diseases in the United
States today. Of the top 11 reportable diseases in
the United States in 1996, five are transmitted
sexually (chlamydial infection, gonorrhea, AIDS,
syphilis, and hepatitis B).2 An estimated 15.3 million
new STD cases occur each year, at least one-
quarter of them among teenagers.® In 1994,
approximately $10 billion was spent on major STDs
(other than HIV/AIDS) and their preventable
complications. This figure rises to approximately
$17 billion if sexually transmitted human
immunodeficiency virus (HIV) infections are
included.* Moreover, STDs increase the risk of
acquiring HIV.

Most of the time, STDs cause no symptoms,
particularly in women. When and if symptoms
develop, they may be confused with those of other
diseases not transmitted through sexual contact.
Especially in the early stages of an STD, symptoms
in women are minor or nonspecific. As a result,
STDs in women sometimes are not diagnosed until
late in the disease, with possible adverse health
effects, such as poor pregnancy outcome. Other
consequences include pelvic inflammatory disease,
or inflammation of organs within the pelvis, which
can cause infertility; and tubal pregnancy, or
pregnancy that occurs in the fallopian tubes, which
connect the ovary and the uterus.® This can result

in chronic pelvic pain, ectopic pregnancy, and
infertility.

STDs that occur during pregnancy also can
affect the fetus or newborn.® For example, death
of the fetus may occur in as many as one-quarter
to one-half of women infected with syphilis. About
one-quarter to one-half of women infected with an
STD during pregnancy give birth to either premature
or low-birth-weight infants. In about one-third to
two-thirds of these pregnancies, the infection is
passed to the infant. These infections may cause
permanent disabilities, such as deafness in the case
of congenital syphilis or microcephaly (abnormally
small head) in the case of congenital herpes simplex
virus infection.

Among both women and men, STDs markedly
increase the risk of transmitting HIV. HIV infection
may also affect the natural history of STDs,
diseases may progress more rapidly or be more
difficult to treat. Through these interactions, STDs
and AIDS amplify each other, leading to the
increased prevalence of these diseases among
certain populations.”

NIAID’s extensive research program on STDs
has five major goals:

* Prevention of infertility

* Prevention of adverse pregnancy outcomes
* Prevention of reproductive tract tumors

e Prevention of HIV infection

* Prevention of other adverse effects of
STDs.

NIAID also supports research aimed at
developing and evaluating new diagnostic tests for
STDs that would be rapid, inexpensive, and easy
to use. These tests would be used in screening
for STDs, particularly to detect infections that do
not produce symptoms. Current tests are generally
expensive, technically complex, and slow to yield
results. They are also invasive because they may
require a pelvic examination, drawing blood, or
obtaining a sample from the urethra, the canal that



SeExuALLY TRANSMITTED DISEASES

NIAID projects have aimed to define the origins
and extent of Neisseria gonorrhea surface charge
properties that result from expression of certain
molecules and outer membrane proteins, and to
examine the possible roles that these charge
characteristics play in the binding properties and
pathobiological abilities of Neisseria gonorrhea.
Functional ramifications of such research include
the susceptibility of these bacteria to polyionic
molecules that may include microbicidal compounds.

Genital Herpes

Genital herpes is caused by the herpes simplex
virus (HSV), of which there are two types—HSV-1
and HSV-2. Ten to 30 percent of symptomatic
genital herpes cases, in which blisters appear in
the genital region, are caused by HSV-1.26 HSV-2
most often causes genital herpes but can also infect
the oral region. Infections caused by these two
types of viruses are clinically indistinguishable.

HSV enters the body through mucosal surfaces
or abraded skin, where it causes characteristic
sores and blisters. First infecting mucosal and
skin cells, HSV then invades nerve endings in the
region. Once inside the nerve cells, the virus is
transported back to the nerve cell body in the central
nervous system. Here the virus goes into a
repressed state called “latency,” in which it lies
inactive but remains ready to be reactivated in
response to various stimuli, such as ultraviolet light,
trauma to the skin, or stress. Once reactivated,
HSV can travel back to the skin surface, causing
another outbreak of skin eruptions. It can also
spread to other nerves and then to skin surfaces
distant from the initial site of inoculation. These
recurrent episodes occur in about 20 percent of
infected individuals? and are more frequent in
people infected with HSV-2 than with HSV-1.

Clinicians can detect HSV infection, even if
there are no symptoms, by using blood tests that
detect the presence of antibodies to the virus.
Antibodies are proteins produced by the immune
system that attach to molecules on the surface of
invading microbes. By attaching to these molecules,
the antibodies target the microbe for destruction

by the immune system. Once a person has been
infected with a particular microbe, the immune
system continues to produce small quantities of
antibodies against that microbe in case it ever again
infects the body. Detecting the presence of these
antibodies in the blood indicates that a person has
been infected with the microbe in the past.

Antibody tests demonstrate that infection with
HSV-1 occurs at a younger age and more
frequently than infection with HSV-2. More than
90 percent of adults have HSV-1 antibodies by the
time they are in their forties. Antibodies to HSV-2
generally cannot be detected until puberty, and the
antibody prevalence rates depend on the extent of
sexual activity. As many as 50 percent of
heterosexual adults attending STD clinics possess
HSV-2 antibodies.® A recent nationwide survey
indicates that more than one in five adults older
than 15 years of age have been infected with HSV-
2,2 and as many as 500,000 new infections are
believed to occur each year.®° It is estimated that
2 to 10 percent of adults have recurrent sympto-
matic genital herpes.®

Most genital herpes cases are asymptomatic,
but infection still poses risks. Asymptomatic
individuals can transmit HSV to others, although
transmission may not be as efficient as when the
individuals have visible skin sores. It is believed
that an HSV-infected pregnant woman can transmit
the virus to her baby, causing a disease called
neonatal herpes. Usually, this occurs during vaginal
delivery, particularly if the woman has become
infected with HSV for the first time during the last
trimester of pregnancy. Considering that between
20 and 60 percent of U.S. women of childbearing
age have been infected with HSV-2,% the risk of
neonatal herpes is significant. The estimated yearly
rate of neonatal HSV infections is approximately
one in 2,500 to one in 5,000 deliveries.®® With 3.5
million live births in the United States per year,
between 700 and 2,300 newborns develop neonatal
herpes annually.®*

Even though genital herpes in the mother may
be asymptomatic, neonatal herpes is a devasting
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disease. It is almost invariably symptomatic and
often fatal. About one third of these cases involve
infection localized to the skin, eyes, or mouth. This
sometimes leads to neurological disorders, such
as blindness, paralysis, or microcephaly (abnormal
smallness of the head). In another third of the
cases, neonatal herpes causes encephalitis (brain
inflammation) with or without involving the skin,
eyes, or mouth. When not treated, the encephalitis
is fatal about half the time. In the final third of these
cases, the disease spreads to multiple organs,
especially the lungs, liver, adrenal glands, and brain.
In the absence of therapy, more than 80 percent of
infants die.®

To preventinfection of the infant during delivery,
a Caesarian section can be performed if visible
sores are detected around the mother’s cervix
before the placental membranes break. Other
methods of prevention are currently being
investigated, including the use of antiviral drugs,
monoclonal antibodies, and vaccines.®

Vaccines for genital herpes are undergoing
testing. One is an attenuated virus, meaning that
the virus has been weakened through mutations
so that it is able to provoke an immune response
by the body but cannot cause disease. Studies
have shown that the vaccine is effective in animal
models and safe for humans. The second vaccine
consists of an HSV surface protein plus a booster
molecule called an adjuvant. NIAID research to
produce new vaccine candidates continues.®”

NIAID researchers are also studying a vaccine
for the prevention of genital herpes. In a
prospective study of herpes acquisition, the largest
ever conducted, approximately 550 adults were
vaccinated at multiple centers. They were the
monogamous seronegative partners of people with
proven HSV-2 infection. Infection was documented
by seroconversion, by development of typical oral
or genital lesions, and by virus culture. Upon
analysis of the unblinded data it was observed that
the vaccine did not prevent acquisition of herpes.3®
Women were significantly more likely than men to
acquire HSV-2 infection, and prior HSV-1 infection
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did not protect subjects from HSV-2 infection, but
such infections were significantly less often
symptomatic.

Due to the negative results, NIAID researchers
are exploring animal model systems and techno-
logies that test novel DNA-based vaccines for
genital herpes. Initial studies in mice have verified
that DNA-based vaccines are highly protective
against HSV-2 infection.

Both genital and oral herpes are treated with
the antiviral drug acyclovir, which cannot eliminate
the virus from the nervous system but can reduce
symptoms. Studies also have shown that daily
administration reduces the frequency and duration
of viral secretion, or “shedding,” from sores and
other sites in the body, which may reduce the
possibility of transmitting the virus to others.
However, most transmission occurs when sores are
not present. To address the question of whether
acyclovir can reduce transmission during this so-
called “subclinical” phase, NIAID-supported
investigators provided oral acyclovir to HSV-2-
infected women who were expected to have
especially high subclinical shedding rates. Results
demonstrated that the standard suppressive dose
of acyclovir decreased the frequency of subclinical
shedding by at least 90 percent at all body sites
that were studied. The researchers concluded that
the use of acyclovir to reduce transmission is worth
further study but cautioned against assuming that
acyclovir would be totally effective in all situations.*

With sponsorship by private industry, NIAID
researchers are conducting a randomized,
multicenter, double-blind, placebo-controlled Phase
Il study to evaluate the effect of valaciclovir—a
cousin of acyclovir—in preventing the transmission
of herpes simplex virus in heterosexual couples
discordant for the presence of HSV-2 antibody. A
total of 1,500 couples are expected to be
randomized into the study at approximately 35
outpatient centers in the United States, Canada,
and Europe.

Scientists are also studying HSV 863, a human
monoclonal antibody, against herpes simplex virus.
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In vitro and in vivo studies showed that HSV 863 is
effective both prophylactically and therapeutically
against herpes simplex viruses. Subsequent studies
are assessing the safety, potency, and pharmaco-
kinetics of HSV 863 in an adult population before it
is tested as adjunct therapy for neonatal herpes.
This study will be followed by a Phase I/l study of
HSV 863 in babies with encephalitis and
disseminated neonatal HSV infection to further
determine the dose to be used in a Phase Il
controlled trial for babies with neonatal HSV
infection.

Because about 45 to 60 million people in this
country have genital herpes, which can spread
efficiently and silently through the population, this
study is important to assess the role of antiviral
suppressive therapy in decreasing the transmission
of herpes. The evaluation of monoclonal antibodies
as part of a concomitant therapeutic regimen for
babies with neonatal HSV infection could also help
battle the persistent problem of neonatal herpes,
which is still a life-threatening infection despite the
availability of antiviral therapies.

Scientists have identified molecules that can
prevent HSV-2 from infecting cultures of human
cells, just as molecules in the blood can prevent
gonococci from infecting mucosal cells. These
molecules are related to heparin, a natural
substance in the body that is also used as an
anticlotting drug.*® These findings indicate that a
heparin-like molecule might be a useful antiviral
agent or topical microbicide that can prevent HSV-
2 infection of cells.

Once inside a host cell, HSV, like all viruses,
commandeers the cell’s protein-producing machi-
nery to produce viral proteins. NIAID researchers
have discovered one of the mechanisms by which
HSV promotes the manufacture of its own proteins.
They found that one of the HSV genes that is turned
on soon after the virus enters the host cell is
responsible for producing a special viral protein that
prevents the degradation of viral messenger
molecules that help produce other proteins.
Ordinarily, messenger molecules are degraded

soon after they are made, which stops the
production of proteins. The special viral protein
attaches to the messenger molecules and prevents
their destruction, which enables them to keep
producing proteins.*! This information could be
important, because a molecule that could inhibit
the attachment of the special protein to messenger
molecules might reduce all subsequent viral protein
production and prevent progression of the infection.
Such a molecule might make a useful antiviral drug.
Another potential target for new drugs might be an
HSV protein called helicase-primase, which plays
a role in the replication of HSV genes when the
virus is reproducing itself.*> These findings indicate
that drugs that target the HSV helicase-primase
might be antiviral agents useful in preventing HSV
encephalitis.

Human Papillomavirus

In the United States, human papillomavirus
(HPV) infection of the genital region is the most
common viral STD.#* An estimated 24 million to 40
million Americans are infected with HPV, and
approximately 500,000 to one million new cases
occur each year.** To date, scientists have
identified 70 types of HPV,* about one-third of which
can be spread through sexual contact.*® The
majority of HPV types are called low risk because
they usually do not cause cancer but are associated
with genital warts, which are highly contagious.
Between 60 and 90 percent of the sexual partners
of persons with genital warts also develop them,
usually within three months of sexual contact.*
Infected women may also transmit these viruses to
their babies during delivery. On rare occasions,
this may cause disease in the infants of women
with genital warts. These children suffer from
recurrent warts in the mouth and airways.

Other HPV types are called high-risk because
they cause cancer of the cervix, vagina, vulva, and
penis. Each year in the United States, 14,000
women develop cervical cancer® and approxi-
mately 3,000 die from the disease.*® Incidence and
mortality rates for HPV are considerably higher for
African American and Hispanic women than for
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Caucasian women. Although cervical cancer
incidence in the United States has been decreasing
for 40 years, recent data indicate that for both
African American and Caucasian women, the
incidence rates among those 25 to 29 years of age
have increased since 1986, and rates may be rising
among women ages 30 to 34 as well.*® In the
developing world, cervical cancer is one of the most
common cancers. Each year, about a half million
women in the developing world contract cervical
cancer, and approximately half of them die from
the disease.®

In collaboration with the Los Alamos National
Laboratory, NIAID has established a database of
information on the genetic sequences of HPV and
related papillomaviruses. In 1998, this effort was
expanded. A relational database, STDGEN, was
established. Thisincludes HPV sequences as well
as those genomes of other STD pathogens. The
database analyzes structure/function relationships
within and between pathogens.

Current drugs for treating HPV infections are
not very effective, and testing new drugs has
proved to be difficult in the past due to the previous
inability of researchers to satisfactorily culture HPV
and develop appropriate animal models of HPV
infection. However, this is now changing. NIAID-
supported researchers have been developing
animal models of HPV infection that can be used
for testing drug candidates and possible
microbicides. In some of the models, HPV-infected
human foreskin samples are inserted into mice
whose immune systems cannot reject the
transplants. After three months, the infected
foreskin cells produce warts that are identical to
those appearing in people infected with HPV.52 In
another model, domestic rabbits are infected with
Shope papillomavirus, a naturally occurring
infection of Midwestern cottontail rabbits. In
domestic rabbits, the Shope papillomavirus causes
warts similar to those that occur in HPV-infected
humans, and many of the rabbits develop cancer
after 1 to 2 years.*
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Until now, data on HPV has been obtained from
either biochemical experiments or genetic
experiments in single-layer cell cultures. Recently,
NIAID scientists developed a strategy that is helping
overcome the limitations faced in studying HPV.
Researchers are analyzing the precise molecular
mechanisms by which specific proteins control the
viral life cycle. This knowledge will be invaluable
in designing strategies to intervene in the viral life
cycle and could potentially lead to prevention or
treatment of papillomavirus-associated diseases,
such as cervical cancer.%

Using the various animal models, NIAID-
supported scientists have been testing members
of a new class of antiviral drugs for their
effectiveness in treating warts. The most promising
candidate so far is cidofovir. On the basis of
promising results in the animal models, Belgian
researchers treated patients with severe recurrent
laryngeal papillomatosis.® These were people
who had been infected with HPV at birth and warts
continued to grow on their larynx, or voice box, into
adulthood. Because of positive results obtained in
the Belgian study, NIAID’s Collaborative Antiviral
Study Group, a network of about 100 clinical sites
throughout North America, will begin a clinical trial
of cidofovir for treating recurrent laryngeal
papillomatosis among children. In addition, two
other NIAID-supported groups are conducting
studies of cidofovir as a therapy for genital
papillomavirus infection, and another NIAID-
supported group is conducting a trial of the antiviral
drug ribavirin as a supplement to laser surgery for
treating laryngeal papillomatosis.

In a particularly significant development, NIAID-
supported scientists have developed a vaccine that
not only protects mice against the development of
tumors similar to those that occur with cervical
cancer but also cures mice with established tumors.
The vaccine causes the immune system to attack
an HPV protein that helps transform normal cells
into cancer cells. In studies with mice, vaccination
protected 80 percent of the mice from the
development of tumors and cured those with small,
established tumors.5®
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To develop better therapies for HPV infection,
NIAID researchers are investigating the functions
of important HPV proteins that control the replication
of viral genes and the production of other viral
proteins and that possibly play a role in the
progression of HPV-related tumors.” Under-
standing the role of these proteins in the viral life
cycle and in cancer might lead to the design of
specific antiviral therapies.

Syphilis

Syphilis is a sexually transmitted disease
caused by a bacterium called Treponema pallidum.
The initial infection causes an ulcer at the site of
infection; however, the bacteria move throughout
the body, damaging many organs over time. Medical
experts describe the course of the disease by
dividing it into four stages — primary, secondary,
latent, and tertiary (late). An infected person who
has not been treated may infect others during the
first two stages, which usually last one to two years.
In its late stages, untreated syphilis, although not
contagious, can cause serious heart abnormalities,
mental disorders, blindness, other neurologic
problems, and death.%@

The bacterium spreads from the initial ulcer of
an infected person to the skin or mucous
membranes of the genital area, the mouth, or the
anus of a sexual partner. It also can pass through
broken skin on other parts of the body. The syphilis
bacterium is very fragile, and the infection is almost
always spread by sexual contact. In addition, a
pregnant woman with syphilis can pass the
bacterium to her unborn child, who may be born
with serious mental and physical problems as a
result of this infection. But the most common way
to get syphilis is to have sex with someone who
has an active infection.

In 1996, 11,387 cases of primary and secondary
syphilis in the United States were reported to the
U.S. Centers for Disease Control and Prevention
(CDC). However, syphilis rates among African-
Americans remain more than 37 times greater than
the rate for non-Hispanic whites.5® Moreover,
syphilis patients, more than any other STD patients,

represent a marginalized segment of society for
whom health care access and medication
compliance are often sub-optimal. Public health
personnel often must spend time transporting
patients to and from medical facilities when
providing standard therapy for syphilis.

As part of the PHS-wide effort to eliminate
syphilis in the U.S. by 2005, NIAID funds three
program areas aimed at providing better biomedical
tools to prevent and control syphilis. These areas
are: 1) diagnostic test development, which is
intended to create a rapid, inexpensive, easy-to-
use test that would not require a blood sample;
2) a clinical research study of oral therapy to treat
early-stage syphilis; and 3) development of a
syphilis vaccine that would target and prevent
systemic infection (including congenital syphilis) and
could potentially ameliorate disease progression.

The clinical research protocol examining a
single oral dose of therapy for early syphilis is being
conducted through NIAID’s STD Clinical Research
Unit. The goal of the study is to determine if treating
syphilis with azithromycin is as effective as the
current recommended treatment, benzathine
penicillin G. Azithromycin offers many advantages
over benzathine penicillin. Azithromycin is taken
orally; benzathine penicillin is administered by
injections that are often very painful and discourage
patients from seeking treatment. In addition, the
penicillin injections require refrigeration and
needles, which can hamper administration in “field”
settings. The azithromycin regimen proposed in this
study could be administered as direct observed
therapy in the field, using strategies modeled after
those currently utilized for the treatment of
tuberculosis.

The long-term goals of all of NIAID’s syphilis
activities are to: 1) complement the CDC'’s syphilis
elimination program; 2) provide improved biomedical
and behavioral tools to achieve and sustain syphilis
elimination in the United States; and 3) provide
improved tools for prevention and control of syphilis
in developing countries. NIAID’s research takes
into account the limited resources of the areas
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where syphilis is endemic, the social and cultural
barriers to accessing effective health care in some
of those areas, and the need for sustainable
interventions.

The Role of Sexually Transmitted
Diseases in Spreading AIDS

Compared with other viruses that cause
STDs—such as herpes simplex viruses, human
papillomaviruses, and hepatitis B virus—human
immunodeficiency virus is not easily transmitted.
Transmission occurs in only 1 of 500 cases of
vaginal intercourse in which one partner is infected.
However, if either of the partners has another STD,
this substantially increases the risk of HIV
transmission. STDs that cause the discharge of
pus and mucus, such as gonorrhea or chlamydial
infection, increase the risk from threefold to fivefold,
and STDs that cause ulcers, such as syphilis or
genital herpes, increase the risk up to nine fold.*®

There are a number of possible mechanisms
for these increases. Certainly, the ulcerative STDs
disrupt the protective layers of skin and mucosa,
which may allow HIV easier access to blood
vessels. STDs also increase the number of
inflammatory cells in the reproductive system, some
of which are targets of HIV.%°

Whatever the mechanisms, it has become clear
that one important strategy for reducing HIV
transmission is to identify and treat existing STDs.
NIAID-supported researchers have demonstrated
the effectiveness of this strategy with men who are
infected with both HIV and gonorrhea. As a result
of the gonorrhea, these men had urethritis, or
inflammation of the urethra, the canal that carries
both semen and urine. The scientists noticed that
urethritis greatly increased the HIV load in the
semen of these men and that treating the gonorrhea
and the inflamed urethra reduced the seminal HIV
load, even if the patients were not taking drugs for
the HIV infection.®

Herpes simplex-2 (HSV-2) infection is a common
viral coinfection in persons with HIV. NIAID-
supported studies have suggested that the rate of
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progression of HIV may be affected by HSV
reactivation. Thus, daily suppression of HSV may
be important for the management of HSV/HIV
seropositive persons. Further studies are required
to determine the effect of HSV suppression on both
the rate of HIV transmission as well as on the natural
history of HIV.

In a NIAID-funded study, researchers in Uganda
determined whether community-based treatment of
all STD cases, either symptomatic or asymptomatic,
can further reduce the incidence of HIV infection.
Twice a year, 10,000 subjects were interviewed and
blood, urine, and vaginal swab specimens were
obtained. In the treatment group of the study, all
members of the communities were given single-dose
oral antibiotics, regardless of whether they had
symptoms. In the control group, subjects were
referred for STD treatment only if they had
symptoms or a positive blood test for syphilis. Study
results showed that the mass STD treatment had
no effect on HIV incidence, although it did reduce
rates of most targeted STDs.®" Similarly, the rate
of new HIV infections among pregnant women
enrolled in the study was the same in the
intervention and comparison groups, while rates of
gonorrhea, chlamydia, trichomoniasis, and bacterial
vaginosis were significantly lower in the intervention
group than in the comparison group. These findings
contrasted with a previous community-based study
that showed that STD treatment resulted in a 38
percent reduction in the rate of new HIV infections
in the intervention group receiving clinic-based
treatment of symptomatic STD infections compared
with the control group receiving existing standard
of care.®? The seemingly contradictory results may
reflect the differences in the stage of the epidemic
and underscore the need for additional trials to be
conducted in populations with high and low HIV
rates to elucidate the effect of STD control programs
on the rate of new HIV infections.®%

The approach of treating STDs, regardless of
whether they produce symptoms, will be pursued
in other studies as well. NIAID established an
interagency working group to design community-
based pilot studies. The goal is to determine
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whether increased case finding and treatment of
both asymptomatic and symptomatic STDs can
decrease HIV transmission rates at the community
level.

Topical Microbicides

In recent years, a new approach to preventing
STDs and HIV infection has been attracting
increased attention. Topical microbicides are
inserted into the vagina or rectum to kill STD
pathogens being transmitted by either sexual
partner. These compounds might be more effective
than condoms because they would be easier to
use and women would not have to negotiate their
use, as they often must do with condoms. The
ideal microbicide would be safe, effective,
inexpensive, and stable. It would also be fast acting,
easy to store, and could be used at least once or
twice a day. Topical microbicides would not
necessarily kill sperm but could be formulated to
include spermicidal compounds so that they could
also be used as contraceptives.

NIAID has been encouraging the development
of topical microbicides through various efforts.
Currently, six program projects focus on the
development of these compounds. The Institute
has recently awarded a contract to the University
of Washington to conduct microbicide studies in
nonhuman primates. In addition, NIAID is a member
of the International Working Group on Topical
Microbicides, which has published guidelines for
developing and evaluating topical microbicides, and
has established a separate working group that
coordinates screening efforts.

NIAID is also supporting large-scale screening
of potential HIV transmission-blocking agents. Over
the past year, more than 300 compounds have been
obtained from private sector, academic, and
governmental sources and tested for their ability to
block HIV transmission from infected T cells to
cultures of cells lining the human cervix. More than
30 compounds with minimal toxicity have been
identified that can effectively block HIV
transmission. Other assays have been developed
that can be used to evaluate the effectiveness of

these compounds under various physiologic
conditions, such as the acidic environment that
occurs in the vagina. Other researchers are
determining whether potential HIV transmission-
blocking agents cause intravaginal irritation or other
adverse effects in experimental animals and
whether compounds remain stable in the vagina
after delivery.

To date, the only animals that have been used
to test potential anti-HIV microbicides have been
monkeys, which are expensive and not readily
available. Another animal that might prove useful
is the cat, which can be infected with feline
immunodeficiency virus, a virus similar to HIV. For
testing microbicides designed to prevent the
transmission of STD pathogens other than HIV, a
number of animal models currently exist, including
nude mice for HPV infection, guinea pigs for genital
herpes, and mice and nonhuman primates for
chlamydial infection.®

A number of promising topical microbicide
candidates are in various stages of testing. An
acid-buffering gel, BufferGel, that helps maintain
the normal acidic environment of the vagina to
disrupt the transmission of acid-sensitive STD
pathogens, such as HIV, has been tested in a clinical
trial to evaluate safety and tolerability. A trial that
was conducted in two parts, first in the United
States and then in India, Thailand, Zimbabwe, and
Malawi, found that BufferGel was nontoxic and well
tolerated. A Phase Il trial of nonoxynol-9 (N9) film
in Cameroon that enrolled 1,200 was found to have
no effect on transmission of HIV, gonorrhea, or
chlamydia infections when provided as part of an
overall HIV/STD prevention program. A separate
Phase Il trial of a higher-dose N9 gel (N9
Conceptrol) began enroliment in Zimbabwe and
Malawi in August 1999. A Phase | study of Pro
2000 (HIVNET 020) began enrollment in August
1999 in Rhode Island and Pennsylvania and will
be followed by a companion trial in Durban and
Johannesburg, South Africa. Finally, plans are
under way to begin a trial of the topical microbicide
Caregeenan early this year in Capetown, South
Africa.
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Still in the preclinical, or animal, stage of testing
is 9-(2-phosphonylmethoxypropyl)-adenine (PMPA),
which inhibits HIV replication. PMPA gel prevented
the infection of female monkeys with simian
immunodeficiency virus (SIV), a relative of HIV, when
they were exposed to SIV in the vagina.

Other potential compounds include chemicals
produced by animal cells for defense against
microbes, such as the protegrins, a family of small
proteins produced by the white blood cells of
animals. NIAID-supported researchers have
produced several variants of one protegrin that are
able to inactivate gonococci, chlamydia, and HIV
without adverse effects on human cells.%
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A particularly novel approach to developing new
microbicides involves the use of a bacterial strain
called Lactobacillus crispatus, which naturally
colonizes the vagina of many women. These
bacteria produce chemicals that kill harmful
microbes, including those that cause STDs.
Research has shown that women infected with L.
crispatus have less risk of getting gonorrhea, HIV
infection, and bacterial vaginosis, a type of vaginal
inflammation.®® NIAID-funded researchers are
planning to conduct a trial in which lactobacilli-
containing suppositories are inserted into the vagina
of young women with histories of STDs.
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IDS, acquired immunodeficiency syndrome,

first reported in the United States in 1981, is
caused by the human immunodeficiency virus (HIV),
which destroys CD4+ T lymphocytes (cells that are
critical in the functioning of the immune system).
This loss of CD4+ T lymphocytes impairs the body’s
ability to fight off infections and certain cancers.
HIV-infected women develop different complications
than do infected men, such as recurrent yeast
infections, pelvic inflammatory disease (PID), and
human papillomavirus (HPV) infections.

There are two types of HIV: HIV-1 and HIV-2.
HIV-1 is the most common cause of AIDS
throughout the world, whereas HIV-2 is found
primarily in West Africa. HIV-2 also causes AIDS,
but at a much slower rate than HIV-1 and therefore
is not as easily transmitted.

Worldwide, HIV-1 is spread primarily through
sexual transmission and maternal-to-infant
transmission. Other routes of transmission include
intravenous drug use and the receipt of unscreened
blood or blood products. Although there have been
reports of health care workers who became infected
when material containing HIV came into contact with
their mucous membranes, this form of transmission
is rare.

In the United States, an estimated 650,000 to
900,000 people are living with HIV and
approximately 40,000 new HIV infections occur
every year. As of December 1998, the number of
AIDS cases among adults and adolescents reported
to the Centers for Disease Control and Prevention
(CDC) was 688,200. Approximately 16 percent of

these cases, or 109,311, occurred among adult and
adolescent women, with another 4,103 cases in
girls under 13 years of age.” Women between the
ages of 45 and 64 and women 65 or older are
increasingly being diagnosed with HIV infection. As
of December 1998, women in these age groups
accounted for 2,537 of the total cases (nine percent
of the female cases) reported to CDC. Many cases
are not reported to CDC, and the estimated number
of AIDS cases is at least twice as high as that
reported.5®

In 1997, reported cases of HIV/AIDS in
adolescents continued to increase in the United
States. The NIAID Sexually Transmitted Diseases
(STDs) Branch, in collaboration with the Rockefeller
Foundation, is compiling and editing a monograph
(to be published by Oxford Press) on adolescents
and STDs. The monograph will describe the state
of knowledge and identify a multidisciplinary
research agenda that includes biomedical,
epidemiological, and behavioral research needs.
The incidence of AIDS is increasing more rapidly
among women than men. From 1985 to 1998, the
proportion of U.S. AIDS cases in women reported
each year increased from seven percent to 23
percent.®® Currently, 38 percent of women in the
United States acquire HIV infection through
heterosexual contact with HIV-infected men and 29
percent through injecting drug use.”® Moreover,
AIDS disproportionately affects minority women.
While African American and Hispanic women
constitute 77 percent of AIDS cases among women,
African American and Hispanic men constitute 48
percent of total AIDS cases among men.”

Overall, as of October 1998, AIDS deaths
nationwide dropped 47 percent between 1996 and
1997 due to more effective antiretroviral therapies,
although the reduction in death rate from AIDS for
females lagged behind that of men by six percent.”
While more recent data show a continued decline
in mortality due to AIDS, the drop in mortality is
beginning to level off. AIDS deaths declined by
only 20 percent between 1997 and 1998.7 AIDS
is the fourth leading cause of death for women ages
25 to 44 in the United States.™
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Women infected with HIV can transmit the virus
to their offspring. In the United States, mother-to-
infant transmission of HIV accounts for 86 percent
of HIV infection in children younger than 13, while
only seven percent of infections are due to receipt
of blood transfusion or blood components. As in
adults, HIV infection in children can progress to
AIDS. As of the end of 1998, nearly 8,500 AIDS
cases have been reported among children younger
than 13 in the United States.” HIV-infected mothers
can transmit the virus to their children during
pregnancy, birth, or through breastfeeding.

Arecent NIAID-supported study discovered that
an infant’s risk of becoming infected with the AIDS
virus through breastfeeding is highest during the
first few months of life, and a mother’s inexperience
with breastfeeding may actually increase HIV
transmission risk. This study was conducted among
HIV-infected mothers and their babies in the African
nation of Malawi. Breastfeeding is the
recommended method of infant feeding in Malawi
and other developing countries where alternatives
to breast milk are often scarce, unsafe, or culturally
unacceptable. In the United States, where safe
alternatives to breast milk are plentiful, HIV-infected
women are advised against breastfeeding their
infants.

Researchers investigated the timing of, and risk
factors for, HIV infection among breastfed infants
of HIV-infected mothers, and tested infants for HIV
infection during visits to the postnatal care clinic of
a large urban hospital in Malawi. Only babies who
tested negative for HIV at their first visit, six weeks
after birth, were included in the study. The
researchers’ objective was to examine
breastfeeding-related HIV infections. Positive HIV
tests during the first weeks of life can result from
HIV infection that occurred during pregnancy or
childbirth as well as through breastfeeding.

Subsequent HIV tests conducted over the next
two years revealed that 47 of the 672 infants in the
study became HIV-infected from breastfeeding.
Nearly half (21) of the infections occurred within
five months after birth. Another 15 babies became
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infected between postnatal months six and 11, and
seven more between months 12 and 17 of followup.
Only four HIV infections occurred between months
18 and 23. No babies became infected with HIV
after they stopped breastfeeding. Statistical
analyses showed that women who had fewer than
four previous births were more likely to transmit
HIV through breast milk than were women who had
four or more. Similarly, younger mothers were more
likely than older mothers to transmit HIV through
breast milk.

The researchers speculated that mothers who
are relatively less experienced with breastfeeding
are more likely to have subclinical mastitis, an
inflammation of the mammary tissue, and thereby
a higher HIV transmission rate. Notably, another
recent study conducted among a separate
population of women in Malawi found that
subclinical mastitis was associated with higher HIV
levels in breast milk and higher rates of HIV
transmission to breastfeeding infants.

Early weaning has been proposed as one
possible strategy to limit HIV transmission through
breast milk. Although discontinuing breastfeeding
after six months would have prevented half of the
HIV infections seen in the study, such an approach
would at the same time have increased the risk for
illness and death from the respiratory and diarrheal
diseases that antibodies and other factors in breast
milk help protect against.

The researchers concluded that breastfeeding
recommendations for HIV-infected women in
developing countries must carefully balance the risk
of HIV transmission with the well-known nutritional
and health benefits of breastfeeding. Therefore,
recommendations may be most usefully made at
the level of the individual mother, since communities
in developing countries include women from varied
socioeconomic strata who have different access to
safe-milk alternatives.’

In developed countries such as the United
States, the HIV transmission rate from mothers to
infants ranges between 15 and 25 percent, which
translates to about 1,000 to 2,000 HIV-infected
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infants born each year.”” In 1994, a NIAID-
supported clinical trial, known as Pediatric AIDS
Clinical Trial Group (ACTG) 076, demonstrated that
the administration of zidovudine (ZDV) to HIV-
infected women during pregnancy and delivery and
to their babies during the first weeks of life reduced
the risk of maternal-to-fetal HIV transmission from
25 percent to eight percent.”® As a result of the
ACTG 076 study, the Public Health Service
published guidelines for the use of ZDV during
pregnancy titled Public Health Service Guidelines
on the Use of Zidovudine (AZT) to Reduce Perinatal
Transmission of HIV.

Recently, several NIAID—funded studies have
reported reassuring safety information about the
use of AZT during pregnancy for the prevention of
mother-to-infant transmission. In one study, safety
information was based on all of the infants in the
pediatric ACTG 076 study through 18 months of
age and on all of the women who participated in
the study through six months postpartum.” The
maternal therapy was well tolerated, and at six
months postpartum, there were no differences
between the placebo and AZT groups in clinical,
immunologic, or virologic disease progression. AZT
treatment in utero was not associated with an
increased incidence of newborn structural
abnormalities and no childhood neoplasms were
reported in either the AZT or placebo group. The
only recognized toxicity was the previously
described anemia in the AZT-exposed infants. Ina
subsequent study of only the infected ACTG 076
infants, the protocol treatment had no effect on
disease progression, timing of transmission, and
degree of viral replication.?’ A review of the long-
term followup data from ACTG 219 (a long-term
observational study of a subset of 70 percent of
the 076 infants) revealed no adverse effects with
respect to growth, cognitive/developmental function,
immune function, cancers, or mortality among HIV
uninfected children who were treated with AZT
compared with those who received placebo.?' In
yet another analysis, the short-term risk for tumors
was evaluated in 727 uninfected children. No
tumors of any nature were found.®

The benefits of the 076 regimen are now
beginning to appear in clinical practice. A recent
survey conducted in North Carolina suggests that
the results of the ACTG 076 study are encouraging
doctors to identify and treat HIV-infected women
during pregnancy. The survey determined that after
the announcement of the ACTG 076 study, ZDV
was administered to 75 percent of HIV-positive
women who delivered infants in North Carolina.
The rate of HIV transmission in these women was
5.7 percent compared with 18.9 percentin women
receiving no treatment. The overall statewide
transmission rate dropped from 21 percentin 1993
to 8.5 percent in 1994.8 |n another large
epidemiological study funded by NIAID, the Women
and Infants Transmission Study (WITS) (see below
for further details), investigators evaluated rates of
mother-to-infant transmission before and after the
release of ACTG 076 results. The rate of HIV
transmission prior to the ACTG 076 study was 19.5
percent among infants born before March 1, 1994,
compared with eight percent among infants born
after March 1, 1994 & WITS data documented
transmission rates after 1994 of 5.4 percent and
preliminary data showed even lower transmission
rates among women who received protease
inhibitors.

Nonetheless, logistical issues and costs
preclude the global use of AZT to prevent mother-
to-child transmission of HIV. Unfortunately, the
standard AZT regimen used to prevent perinatal
HIV transmission in the United States is too
expensive and impractical for widespread use in
developing countries where many women may not
receive prenatal care. As a result, researchers are
attempting to find new interventions and simpler
regimens to reduce the transmission rate in the rest
of the world. Many of these studies are being
conducted at domestic and/or international study
sites and are being jointly sponsored by NIAID and
other Federal agencies, in collaboration with other
countries.

This research is particularly important in
developing countries, where a large proportion of
pregnant women are HIV-infected and where the
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076 regimen is particularly difficult to administer.
In urban areas of Africa, for example, as many as
30 percent of pregnant women are HIV-infected and
the transmission of HIV-1 from an infected mother
to her infant is as high as 40 percent. Although
more than half of the transmission probably occurs
late in pregnancy or during labor and delivery, a
substantial proportion is due to transmission of HIV
by breastfeeding, which, as previously mentioned,
is the almost universal means of infant feeding in
many areas of the developing world.%

To overcome some of the logistical and cost
obstacles with ZDV disbursement in developing
countries, shorter regimens of ZDV were given to
women a few weeks prior to and during labor,
resulting in a reduction in HIV transmission from
mother to infant of 38 to 50 percent.®® More
recently, HIV Network for Prevention Trials
(HIVNET) investigators, in collaboration with
Ugandan researchers, found a highly effective and
safe drug regimen for preventing transmission of
HIV from an infected mother to her newborn that is
more affordable and practical than any other
examined to date. (HIVNET evaluates a broad
range of interventions to prevent mother-to-infant
transmission of HIV as part of its overall mission to
evaluate different strategies for preventing HIV
infection.) The interim results from this important
study demonstrated that a single oral dose of the
antiretroviral drug nevirapine (NVP) given to an HIV-
infected woman in labor and another to her baby
within three days of birth reduces the transmission
rate by half compared with a similar short course of
AZT. Ifimplemented widely in developing countries,
this intervention has the potential to prevent some
300,000 to 400,000 newborns per year from
beginning life infected with HIV. Afollowup trial will
determine whether longer-term prophylaxis with
nevirapine in infants will reduce the risk of
transmission through breastfeeding.

Based on average U.S. wholesale costs, the
drug used in the nevirapine regimen in the current
study is approximately 200 times less expensive
than the long-course AZT used in the United States,
and itis almost 70 times less expensive than a short
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course of AZT given to the mother during the last
month of pregnancy.

Other studies to prevent perinatal transmission
that have been conducted by HIVNET include a
Phase Ill HIVNET study, jointly funded by the
National Cancer Institute (NCI), which investigated
whether washing the birth canal with a mild soap
solution containing chlorhexidine, a compound
shown to neutralize HIV in laboratory studies, could
prevent perinatal transmission. In general, birth
canal washing did not reduce perinatal
transmission, although it did make a difference for
women who delivered more than four hours after
their placental membranes ruptured. The treatment
also reduced the rate of neonatal sepsis, a
condition caused by infection with bacteria that
populate the birth canal, such as group B
streptococci.®” Another study (HIVNET 025), using
chlorhexidine to cleanse the birth canal and
newborn, is scheduled to begin enroliment by
January 2000. This will be a Phase | study to
evaluate the safety of a much higher dose of
chlorhexidine.

HIVNET also conducted a Phase | study on
the effect of HIV immunoglobulin (HIVIG)
administration to the mother to prevent perinatal
transmission. This study, based in Uganda, found
HIVIG to be safe and will be followed by a Phase IlI
study once sufficient lots of the product are
available. In addition, HIVNET, with funding from
the National Institute of Child Health and Human
Development (NICHD), is conducting a prospective
cohort study to determine the risk of HIV with
injectable contraceptive use. HIVNET has also
initiated a trial of prophylactic treatment of
chorioamnionitis, an infection of the membrane
containing amniotic fluid at delivery, to determine if
low-cost antibiotic treatment will reduce perinatal
transmission. (Chronic and acute chorioamnionitis
are cofactors in the transmission of HIV from mother
toinfant.)

The Pediatric AIDS Clinical Trial Group
(PACTG) is a large clinical trial network that
evaluates different interventions for the treatment
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of HIV-infected children and adolescents and for
the prevention of mother-to-infant transmission of
HIV. Arecent PACTG study of 8,533 mother-infant
pairs revealed that the likelihood of perinatal HIV
transmission was decreased by 50 percent with
elective Cesarean section (C-section) compared to
other modes of delivery after adjustment for
antiretroviral receipt, maternal disease state, and
infant birth weight. The study found that among
women who received both elective C-section and
antiretroviral therapy, the risk of transmission was
decreased by 85 percent. These findings suggest
a potential role for elective C-section in decreasing
the risk of perinatal HIV transmission. The study
utilized data from 15 cohort studies in the United
States and Europe, including PACTG and WITS.
Remaining questions include whether the described
benefit of C-section and the risk of vertical
transmission persists among women treated with
combination antiretroviral therapy, or for women with
maximally suppressed viral loads. Also unclear are
rates of morbidity from such elective C-section
delivery.8®

These findings suggest that the current
standard of treating pregnant women with a
combination of AZT and other anti-HIV drugs, such
as protease inhibitors, is also likely to effectively
reduce transmission of HIV to their infants because
the therapy significantly reduces viral RNA levels.

In addition to improving a woman’s overall health,
reducing the level of HIV-1 RNA may also reduce a
woman’s chance of giving birth to a child with HIV
infection. However, the researchers caution that,
although none of the women in the study who had
undetectable levels of the virus in the blood
transmitted virus to their children, there have been
reports of transmission even from women who had
undetectable viral levels.

At this time, there is limited experience with the
use of these drugs during pregnancy and their
possible benefits must be weighed against the lack
of information on potential long-term effects on the
children exposed to them. Itis also recommended
that uninfected children whose mothers received

anti-HIV drugs during pregnancy continue to have
careful medical followup into adulthood.

Other perinatal studies conducted by the
PACTG, some of which are still ongoing, include
the following:

* ACTG 185, a Phase Il study of the use of
HIV immunoglobulin (HIVIG) for the
prevention of maternal-fetal HIV
transmission among pregnant women
receiving ZDV. HIVIG consists of anti-HIV
antibodies collected from the blood of
infected individuals. (completed)

* ACTG 249, a Phase | trial to evaluate the
effect of the antiviral drug didanosine (ddl)
among HIV-infected pregnant women.
(completed)

 ACTG 250, a Phase | study of nevirapine
with pregnant women and their newborns.
Nevirapine is a member of a new class of
drugs called nonnucleoside reverse
transcriptase inhibitors. (completed)

* ACTG 316, a Phase Il study of nevirapine
added to the ZDV regimen recommended
in the Federal guidelines. (ongoing)

* ACTG 332, a Phase | study of the antiviral
drugs stavudine (d4T) and lamivudine
(3TC) in women who are unwilling or unable
to use ZDV. (ongoing)

* ACTG 353, a Phase I study of the protease
inhibitor nelfinavir with 3TC and ZDV.

(ongoing)

* ACTG 354, a Phase | study of the protease
inhibitor ritonavir with 3TC and ZDV.
(ongoing)

* ACTG 357, a Phase I study of the antiviral

drug 1592U89 with 3TC and ZDV. (in
development)

* ACTG 358, a Phase I study of indinavir with
3TC and ZDV. (ongoing)
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The Women and Infants Transmission Study
(WITS), which follows HIV-infected mothers and
their children, examines factors that contribute to
perinatal transmission, evaluates disease
progression and contributing factors during
pregnancy and postpartum in HIV-infected women
and their infants, and evaluates diagnostic tools
for determining HIV status in infants. Sponsored
by NIAID, NICHD, and the National Institute on Drug
Abuse (NIDA), WITS is being conducted at five sites
in Chicago, Boston, New York City, Houston, and
San Juan. As of June 1999, 2,204 women and
1,787 infants were enrolled in WITS, which was
established in 1988.

WITS has provided important information on
factors that contribute to perinatal transmission,
such as maternal viral load during pregnancy.
Results of a WITS study showed that viral load
predicts the risk, but not the timing, of transmission
of HIV from pregnant women to their infants.
Researchers analyzed data from 552 mother-infant
pairs who enrolled in the WITS between 1990 and
1995. The study intended to learn whether higher
HIV levels in the mother alone could increase the
risk of infecting her baby, and whether the risk of
transmission correlated more closely with high viral
loads earlier in pregnancy rather than later.

Slightly more than 20 percent of the infants in
the study became infected with HIV. The average
HIV level in women who transmitted the virus to
their babies was nearly three times higher than the
average HIV level in women who did not. None of
the 57 women in the study with low levels HIV in
their blood (fewer than 1,000 copies of HIV RNA
per milliliter of blood) transmitted the virus to their
infants, although other studies have reported
mother-to-infant transmission among women with
low viral loads. The study showed that viral load
was a strong predictor of perinatal transmission
even after accounting for other known risk factors,
such as low infant birth weight and lack of prenatal
AZT treatment.®® However, the researchers found
no relationship between a woman'’s viral load at
any time during pregnancy and the time at which
her baby becomes infected.

24

Researchers concluded that of all of the
independent factors related to the risk of perinatal
HIV transmission, viral load and the use of
antiretroviral drug therapy are perhaps the most
modifiable. They cautioned that women with low
or undetectable viral loads should not be falsely
reassured, but instead should be offered AZT
therapy because of its demonstrated efficacy in
reducing the risk of transmission regardless of
maternal HIV levels.®

Data from both WITS and the Women’s
Interagency HIV Study (WIHS) provide the
foundation for studying therapeutic interventions.
These studies are conducted through several
NIAID-funded research networks — the Adult and
Pediatric AIDS Clinical Trials Groups (AACTG and
PACTG) and the Terry Beirn Community Programs
for Clinical Research on AIDS (CPCRA). In addition,
NIAID intramural scientists conduct studies at the
NIH Clinical Center. These clinical trial networks
identify and evaluate different strategies for treating
women and their infants and for preventing perinatal
transmission. Each of these programs is committed
to ensuring the inclusion of HIV-infected women in
clinical trials and conducting research on HIV-
associated conditions that affect both pregnant and
nonpregnant women. Toward that end, these
programs are committed to identifying real or
potential barriers to recruiting and retaining women
who are participating in the clinical trials. As of
August 1999, 4,299 women were enrolled in adult
ACTG studies, 5,111 in pediatric ACTG studies,
and 3,961 in CPCRA studies. Women accounted
for 12 percent, 54 percent, and 18 percent,
respectively, in each of these research groups.

Besides testing therapies to treat HIV infection,
these research groups are also testing therapies
for the opportunistic infection complications (such
as cancer) and other diseases that often accompany
HIV infection, and they are conducting gender-
specific studies. Because HIV suppresses the
immune system, the body is hampered in its ability
to resist these infections. Women often develop
different opportunistic infections than do men. For
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example, HIV-infected women frequently develop
candidiasis, or yeast infections, of the mouth,
vagina, and throat. These infections are persistent,
difficult to treat, and often increase in severity as
the immune system weakens. One study, for
example, evaluated the use of 5-fluorouracil (5-FU)
for preventing the progression of high-grade cervical
dysplasia in HIV-infected women to invasive cervical
cancer. The study found that 5-FU was safe and
effective in reducing the rate of recurrence of high-
grade dysplasia after initially receiving standard
treatment for six months.*!

The WIHS is cosponsored by NICHD, NCI,
NIDA, and the National Institute of Dental and
Craniofacial Research (NIDCR). The study
operates in tandem with the HIV Epidemiology
Research Study (HERS), funded by CDC. During
the past year, WIHS investigators have continued
their studies of both uterine cervical abnormalities
in HIV-infected women and the link between such
abnormalities and progression to cervical cancer.
One study showed that abnormal uterine cervical
cells were much more common in HIV-infected
women, and probably depended on the presence
of human papilloma virus (HPV) infection, clearance
of HPV after initial exposure, or reactivation of latent
HPV infection.®> WIHS investigators also examined
the relative frequency of lower genital tract
infections® and contraceptive use® in drug-using
and non-drug-using populations of HIV-infected
women. The first study found that HIV-infected
women in the United States were more likely to
report a previous sexually transmitted disease such
as syphilis, gonorrhea, pelvic inflammatory disease,
genital herpes, genital warts, trichomoniasis, and
fungal vaginitides, but not chlamydial cervicitis or
bacterial vaginosis. It also showed that lower
genital tract infections are common among women
already infected with HIV and that chronic viral
STDs are increasingly accompanied by symptoms
as a woman’s immunologic status deteriorates due
to HIV.%

Another study confirmed earlier findings that
drug use increases the risk of unprotected sexual
behavior.®® To determine the role of skin testing in

HIV-infected women, WIHS investigators also
studied the frequency and circumstances in which
the tuberculin test, a test of tubercular infection, is
positive and skin tests are immunologically
nonreactive.®” Significantly lower tuberculin
reactivity was seen in HIV-infected women
compared to uninfected women. In addition, access
to specific components of health care was
investigated in a study which, for the first time,
provided quantitative, reliable information about
dental care utilization in HIV-infected women in the
United States.*

In developing countries another significant STD
known as chancroid has been found to be a major
cause of genital ulcer disease, and it is associated
with enhanced transmission of HIV. Haemophilus
ducreyi, the microorganism that causes chancroid,
facilitates HIV transmission by providing an
accessible portal of entry, by promoting virus
shedding, and by recruiting macrophages and CD4
lymphocytes to the skin. Prevention of chancroid
could therefore have a major effect on the control
of HIV transmission in areas where both diseases
are endemic. Investigators at Indiana University
undertook a clinical study in which volunteers were
infected with live and heat killed H. ducreyi and
randomized to treatment with a single dose of
azithromycin or ciprofloxacin. At weekly intervals,
they were reinocculated with H. ducreyi, and drug
concentrations and development of papules were
monitored. The results indicated that azithromycin
effectively prevented chancroid for nearly two
months. The drug appears to persist in
lymphocytes for an average of four weeks. In areas
of Africa where HIV and STDs are endemic,
provision of STD treatment reduces HIV
seroconversion rates by 40 percent. This
chemoprevention trial provides a rationale for field
trials in endemic areas in which core groups could
be given azithromycin on a monthly or bimonthly
basis in an effort to eliminate chancroid and other
STDs and to reduce HIV seroconversion rates.

Other ACTG studies that have addressed
women-specific conditions include the following:

25



AcauIRED IMMUNODEFICIENCY SYNDROME

26

ACTG 842, a substudy of ACTG 251, is
studying the effect of thalidomide on genital
ulcer disease of unknown cause in HIV-
infected women. Thalidomide is a sedative
that is sometimes used to treat leprosy.

ACTG 317 is studying the effect of oral and
injectable contraceptives and gender on the
pharmacokinetics of zidovudine
(pharmacokinetics refers to the study of a
drug’s movements throughout the body,
including uptake, distribution, and
elimination).

ACTG 329 is a Phase ll/lll trial of
nandrolone decanoate among women with
HIV-associated weight loss. Nandrolone
decanoate is a steroid drug chemically
related to testosterone.

ACTG 200 is a randomized trial that
compares the antitumor drug 5-fluorouracil
with standard treatment for high-grade
cervical dysplasia among HIV-infected
women. Cervical dysplasia or cervical
intraepithelial neoplasia, a precancerous
condition caused by HPV infection, occurs
more often and with a more severe disease
course among HIV-infected females
because of HIV’s suppression of the immune
system and common risk factors, such as
infection with the high risk types of human
papillomavirus. The drug 5-fluorouracil is
used to treat warts and intraepithelial
lesions. The study has been completed,
and the treatment was shown to prevent
progression to invasive cervical cancer
compared to no treatment with 5-FU.

ACTG 293 is a randomized study evaluating
the use of isotretinoin for treating HPV
infection and low-grade cervical
intraepithelial neoplasia. Isotretinoin, a
retinoid, is related to both retinoic acid and
Vitamin A (retinol), and has been used to
prevent and treat a variety of cancers.
Isotretinoin (Accutane) is a drug licensed
to treat acne.

* ACTG 313 is a study of megestrol acetate
and testosterone for HIV-associated
wasting. Megestrol acetate is a synthetic
drug related to the sex hormone
progesterone that is ordinarily used for
treating endometrial cancer.

* ACTG 323is a study to examine fluconazole
for treatment of recurrent candidiasis of the
throat.

* ACTG 866 is a study of the effects of
indinavir on the progression of cervical
dysplasia. Indinaviris a member of a new
class of antiviral drugs called protease
inhibitors.

* ACTG 875 is a study designed to collect
information on the effects of therapy on
gynecologic conditions and study endpoints
specific to women. This study has been
completed.

* ACTG 816 is a study to examine resistant
mucosal candidiasis. This study has been
completed.

* ACTG 880 is a study to determine whether
HPV coinfection hastens the progression
of HIV disease.

* A5020 is a study evaluating the effects of
HIV in genital secretions of HIV-infected
persons.

* A5029 is a study evaluating the effects of
antiretroviral therapy on the human
papillomavirus and determining the
prevalence of human papillomavirus
infection in HIV-infected females.

The Women’s Health Committee of the Adult
AIDS Clinical Trial Group (ACTG) works to ensure
that optimal strategies for preventing and treating
manifestations of HIV specific to women are under
investigation and that women are included in all
trials. It evaluates potential gender differences with
treatments, the impact of treatments on genital tract
viral load, and possible interactions between HIV
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treatments and hormonal contraceptives. In the
recent past, this committee was instrumental in
providing recommendations regarding acceptable
contraceptive regimens and the design of clinical
trials to maximize the inclusion of women of
childbearing age. The latter is an important issue
because some of the agents being studied, such
as thalidomide in ACTG 251 and Accutane
(isotretinoin) in ACTG 293, can cause physical
defects in developing embryos. Both studies
included females of childbearing age, and they have
included appropriate safety measures and
monitoring. NIAID has established a policy to
continue to retain females who become pregnant
while enrolled during the course of HIV/AIDS trials.
As future protocols are developed to study HIV and
the effects of HIV therapies in pregnancy, females
who become pregnant may be studied in this setting.

The Adult ACTG has established four working
groups that have gender-specific research
objectives on their scientific agendas. The Human
Papillomavirus Working Group is concerned with
issues involving HIV and HPV coinfection; the
Genital Secretions Working Group studies the effect
of HIV in genital fluids and the relationship to HIV
transmission; the Metabolic Working Group studies
the metabolic complications or effects caused by
antiretroviral drugs; and the Mucosal Immunity
Working Group investigates the effects of HIV
infection on the immune system and the mucosal
tissues.

Clearly, an inexpensive, reliable, female-
controlled method for preventing sexually
transmitted diseases is needed so that women can
protect themselves from HIV and other STDs.
Ideally, chemical barriers, known as topical
microbicides, should be invisible, nonirritating, and
inexpensive. Several studies of topical
microbicides have been or are being conducted,
including: 1) an initial safety and acceptability study
(Phase I) of Buffergel that was completed in Rhode
Island in January 1999; 2) a second safety and
acceptability study that was conducted in four other
countries—India, Thailand, Zimbabwe, and Malawi;
3) a Phase Il trial of nonoxynol-9 (N9) film in

Cameroon that enrolled 1,200 and was found to
have no effect on transmission of HIV, gonorrhea,
or chlamydia infections when provided as part of
an overall HIV/STD prevention program (a separate
Phase Il trial of a higher-dose N9 gel—N9
Conceptrol-began enroliment in Zimbabwe and
Malawi in August 1999); 4) a Phase | trial of Pro
2000 (HIVNET 020) that began enroliment in Rhode
Island and Pennsylvania in August 1999 and will
be followed by a companion trial in Durban and
Johannesburg, South Africa, later this year; and 5)
a trial of the topical microbicide Caregeenan is being
planned and should begin in 2000 in Capetown,
South Africa.

A study conducted in Haiti demonstrated that
interventions such as testing, counseling, and
providing free condoms can be highly effective in
preventing the spread of HIV between individuals
among heterosexual couples. The subjects in this
study were discordant, heterosexual couples. The
researchers found that 45 percent of the sexually
active couples receiving counseling and free
condoms either became abstinent or began using
condoms consistently. Among the couples who
routinely used condoms, the rate of new HIV
infections was one-seventh of those who did not.
However, 55 percent continued to have unsafe sex
and many became infected with HIV, which
underscores the importance of research into other
means of HIV prevention, such as vaccines or
topical microbicides.®

In a study conducted in Malawi, researchers
found that HIV-positive women were three times
more likely than HIV-negative women to have an
HPYV infection that persisted for at least one year,
and the women most likely to have these persistent
HPV infections were those whose immune systems
were most suppressed by HIV. High-risk HPV types
associated with cervical cancer constituted half of
the HPV types identified. The investigators also
discovered that HIV-infected women were twice as
likely to have cervical abnormalities. The results
verify those of previous studies of HIV-infected
women in the United States and Europe that
showed that these women have elevated rates of
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HPYV infection, cervical abnormalities, and cervical
cancer.'® |n 1998, HIVNET researchers completed
studies in Uganda'®' and Malawi'®? demonstrating
that bacterial vaginosis is an independent cofactor
for the acquisition of HIV infection in women. As is
true with all research identifying cofactors for HIV
acquisition, additional data are needed to determine
the extent to which control of the cofactor will control
HIV acquisition. Additional HIVNET-supported
activities are described in the “Sexually Transmitted
Diseases” and “Topical Microbicides” sections.

To increase the representation of minorities and
women in clinical trials, NIAID researchers have
established an outreach program in the Washington,
D.C., area. The goal is to educate members of the
local community about clinical trials at NIAID and to
eliminate barriers to enrollment. As part of this
effort, the investigators see patients at a community
health center responsible for the health care of
several hundred HIV-infected patients, most of
whom are members of minority populations. The
investigators have also established liaisons with
other local medical institutions to expand this
outreach effort.

Until recently, the only drugs used to treat HIV
infection have been the reverse transcriptase
inhibitors, such as ZDV, ddl, and zalcitabine (ddC),
which impair HIV replication by inhibiting HIV reverse
transcriptase, an essential enzyme involved in the
replication of the virus. A newer class of anti-HIV
drugs is the protease inhibitors, which inhibit
another HIV enzyme called protease. This enzyme
catalyzes the production of HIV proteins, and
inhibiting it suppresses the production of new
viruses. NIAID-supported researchers discovered
the HIV protease enzyme, defined its structure, and
developed assays to measure its inhibition. Clinical
trials of the protease inhibitors have shown that,
when given in combination with the reverse
transcriptase inhibitors, they can substantially
reduce HIV levels in the blood and reduce the death
rate of HIV-infected patients.

Another approach to treating HIV infection
involves manipulating the patient’'simmune system
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(immunotherapy) rather than targeting HIV
enzymes. HIV can mutate quickly and change the

structure of its enzymes so that drugs that inhibit
these enzymes eventually lose their effectiveness.
This is less likely to occur with immune-based
therapies, such as the use of cytokine growth
factors, inhibitors of proinflammatory cytokines, and
the adoptive transfer of either unmodified or
modified T cells. The most promising of these
approaches has been the use of intermittent cycles
of interleukin-2 (IL-2) in combination with highly
active antiretroviral therapy (HAART). The majority
of patients with early to intermediate-stage HIV
disease achieved a doubling of their CD4+ T cell
count with an IL-2 plus HAART regimen within six
to 18 months. These increases were maintained
with additional cycles of IL-2, given every 20 months
on the average. The IL-2 plus HAART regimen
also achieved statistically significant decreases in
plasma levels of HIV-I RNA, as well as a trend
towards fewer AIDS-defining illnesses compared
with patients who were treated with HAART alone.
A large international collaborative study is
evaluating this approach.'®

To develop any new therapies for AIDS,
investigators must conduct a substantial amount of
basic research to determine the exact mechanisms
of the disease. From this research, an intriguing
picture is beginning to emerge regarding the factors
that control the initial infection and those that control
the progression from initial infection to the
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development of symptoms. With this knowledge,
potential therapies are being developed that can
interrupt these processes. NIAID researchers have
discovered that the level of HIV replication among
patients is determined largely by competing
cytokines, such as IL-2."% One class of cytokines
promotes HIV replication, whereas another class
suppresses it. Therapies that either reduce the
production of the first class of cytokines or promote
the production of the second class could have the
effect of inhibiting HIV replication.

In other research, NIAID scientists have
discovered molecules on the surface of immune
cells that help HIV infect these cells.' This
research may be important for understanding why
some people do not become infected with HIV
despite having been repeatedly exposed to the virus
and why other people do not develop AIDS despite
having been infected with HIV. Both groups of
people may have altered versions of these
molecules, which prevent HIV from entering and
destroying immune cells at different stages of the
disease process. These findings also suggest that
therapies might be developed that block these
molecules on the surface of immune cells, thereby
preventing HIV from entering the cells.

People who, despite having been infected with
HIV, do not develop AIDS are called long-term
nonprogressors. Studies of the microscopic
structure of the lymph nodes of these individuals
indicate that theirimmune systems have not been
activated to the same extent as those of HIV-
infected people who do develop AIDS."% Immune
cell activation causes the release of cytokines that
promote HIV replication.

Basic research is also critical for developing a
safe and effective vaccine against HIV. The role of
mucosal immune responses in protecting against
the transmission of STD agents, including HIV, is
largely unknown. NIAID supports research on the
mucosal immune responses to HIV to help in the
design of new vaccines that can elicit effective
immune responses against HIV in the genital and
anal mucosa, the sites at which HIV enters the body.

This research is supported through the Cooperative
Mucosal Immunology Group for Investigations on
AIDS Vaccines and the Cooperative Adjuvant
Groups. Investigators associated with these groups
are developing animal models to explore novel
strategies for vaccination. They are also developing
assays, reagents, and technology to evaluate
protective immune responses induced by HIV
vaccines in laboratory animals and among human
volunteers. A NIAID-sponsored workshop entitled
“Mucosal Immunity to HIV Infection” has stimulated
additional research on mucosal transmission.

Research on the mucosal immune response to
HIV is important because researchers do not know
exactly how HIV is transmitted sexually. Using
monkeys, NIAID-supported scientists studied how
simian immunodeficiency virus (SIV), a relative of
HIV that infects monkeys, established its infection
when inserted into the vagina. They found that
SIV permeated the outer cellular layer of the vagina
and then infected cells just below the surface.
Although the investigators did not definitively identify
the infected cell population, they determined that
the cells were likely to be dendritic cells. These
cells take molecules from an invading microbe and
present them to various immune cells to stimulate
an immune response against the microbe. The
researchers hypothesized that the SIV-infected
dendritic cells passed the virus on to CD4+ T
lymphocytes, the principal target of SIV. By
demonstrating the processes that occur during the
early stages of infection, this research will help in
the design of vaccines that can stimulate immune
responses that block these early events.'”’

A program announcement titted Mechanisms
of AIDS Pathogenesis is stimulating additional
research on the mechanisms involved in the
development of HIV disease, mucosal transmission,
and host factors modulating HIV infection and
disease. Studies will utilize specimens from patients
and animal models. Since 1989, HIV infection has
spread at an alarming rate among the heterosexual
population of Thailand. It has been suggested that
the subtype of HIV primarily responsible for this
epidemic is more readily transmitted heterosexually
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than are other subtypes, although there is conflicting
epidemiological evidence in this regard. On the
basis of genetic analysis, NIAID-supported
researchers determined that the Thai virus is a
hybrid of two other HIV subtypes, suggesting that
HIV strains can combine with each other to form
more dangerous strains.%®

In NIAID-supported vaccine research,
approximately two dozen preventive HIV vaccines
have been evaluated in various stages of clinical
testing. A recent NIAID-supported laboratory study
conducted with monkeys indicates that a vaccine
might be developed that could prevent HIV
transmission during delivery. In this study, three
pregnant rhesus monkeys were vaccinated against
SIV by inoculation with a live, attenuated
(weakened) SIV, followed by immunization of whole
killed SIV. Two of the newborns were born with
anti-SIV antibodies, which demonstrated that the
vaccine had caused the mothers to produce anti-
SIV antibodies that crossed the placenta into the
bloodstream of their fetuses. As a result of the
vaccinations, the newborns were protected from
SIV infection via the mouth or eyes, the sites where
newborns would ordinarily be infected during
delivery due to contact with virus-containing blood
and other fluids of the mother.'%

In related vaccine research, NIAID-supported
investigators found that 70 percent of HIV-2-infected
prostitutes in Senegal were apparently protected
from subsequent infection with HIV-1. This
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suggests that HIV-2 is acting like a live vaccine
against HIV-1. These data provide investigators
with important information on how the immune
system responds to HIV infection."°

NIAID-supported clinical trials to evaluate the
safety and efficacy of candidate HIV vaccines and
other prevention strategies have been carried out
by the AIDS Vaccine Evaluation Group (AVEG) and
HIVNET. Although AVEG and HIVNET have been
successful, it became more advantageous to create
two separate networks—one for vaccine research
and one for other prevention research. This would
allow NIAID to integrate clinical vaccine science into
a multidisciplinary, globally oriented research and
development program, and would also emphasize
NIAID’s commitment to and strengthening of the
prevention research program. Toward this end,
NIAID created the HIV Vaccine Trials Network
(HVTN) and the HIV Prevention Trials Network
(HPTN), both of which will be fully awarded in early
2000.

HVTN will consist of six to 10 clinical sites, a
central data center, and a coordinating center. It
will maintain or increase NIAID’s capabilities in
Phase I and Phase Il evaluations of new vaccines;
ensure the ability to address fundamental research
questions at basic-clinical interface; and allow NIAID
to move rapidly into large trial design. HPTN will
include clinical sites, a statistical center, and a
central laboratory. The major areas of focus will
include new efficacy trials, particularly those
involving new microbicides, perinatal approaches,
behavioral and barrier approaches, STD treatment,
and other new strategies. It will conduct Phase |
and Phase Il studies to address safety and toxicity
issues that would be important to Phase /Il studies.
It will work closely and in collaboration with the acute
infection network, PACTG, international
organizations, and HVTN.

AVEG research has focused on vaccine safety
and immunogenicity and correlative laboratory
studies, in domestic Phase | and Phase I clinical
trials. HIVNET has a much broader mission that
has evolved since it was first established—to
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prepare for and conduct vaccine efficacy trials. It
has had a Phase Il focus, but also conducts Phase
land // studies and evaluates prevention strategies.
Furthermore, it has both a domestic and
international component.

To determine the feasibility of conducting an
HIV vaccine efficacy trial, the domestic HIVNET
sites have implemented a multicenter Vaccine
Preparedness Study (VPS), which was completed
in April 1997. The study enrolled 4,892 participants
at high risk for HIV infection, including gay men,
injection drug users (IDUs), and women at risk
through heterosexual contact. VPS is an
epidemiological study that is following these
subjects to determine a baseline rate of HIV
infection prior to the administration of an HIV
vaccine. The study simulates the size and study
procedures of a large-scale vaccine trial. A followup
study of VPS was initiated in April 1998 to evaluate
the feasibility of recruiting for and retaining women
at high risk of HIV in prevention trials. This study
has enrolled 1,648 additional high-risk participants;
at 12 months, more than 80 percent of the women
continue to be followed.

Similarly, the international HIVNET sites have
recruited and followed more than 8,000 participants,
including female sex workers, gay men, STD clinic
patients, long-distance truck drivers, factory
workers, and pregnant women. The annual HIV
infection rates at these sites range from less than
one percent to greater than 12 percent, with one-
year followup rates ranging from 70 to 98 percent.
The HIV strains isolated from the participants
represent all the major HIV clades or subtypes.

One broad-based NIAID project seeks to define
the unique epidemiological, clinical, virologic, and
immunologic features of HIV infection, primarily in
developing countries; to determine the viral kinetics
associated with perinatal and heterosexual
transmission; and to characterize the molecular
strains of HIV throughout the world for
infectiousness and the immunologic response to
cross-clade vaccines. In collaborative studies, the
researchers have established cohorts of high-risk

individuals in India, Uganda, the Republic of South
Africa, Brazil, and the United States, and they have
characterized the prevalence, incidence, and risk
behaviors for HIV infection in each respective
cohort. The incident rate for HIV was 10.2 percent
in an STD population in India; eight percent among
miners in South Africa; three percentin homosexual
men in Brazil; four percent in intravenous drug users
in Baltimore; and 1.5 percent in rural residents of
Uganda. Researchers characterized more than 300
strains of HIV with the C subtype most common in
India and South Africa, A and D in Uganda, B and
E in Southeast Asia, and B in the United States.

Researchers documented subtype HIV-specific
cytotoxic T lymphocytes (CTL) responses to
subtype B antigens among subtype C-infected
individuals, providing important implications for the
selection of candidate HIV vaccines.

Investigators have completed a four-year trial
of mass antibiotic treatment of STDs in Uganda,
which demonstrated a marked reduction in STDs
but without any demonstrable effect on HIV
incidence. This is probably due to the very high
endemic prevalence of HIV (16 to 20 percent) and
the low attributable risk of STDs. From this study,
467 couples, discordant for HIV infection (those in
which one partner was HIV-infected and the other
was not), were identified and virologic and host
immunologic factors have been examined in relation
to heterosexual transmission. The high level of
HIV exposure, particularly among discordant
couples, was partially responsible for the lack of
any STD treatment effects on lowering HIV
incidence.

In several perinatal cohort studies, the
researchers demonstrated that blood and breast
milk viral load was significantly associated with
increased perinatal transmission. They described
the viral kinetics of HIV in a cohort of infected
children from birth to five years of age,
demonstrating the predictive value of a high viral
load with a rapid progression, and the clinical utility
of early diagnosis based on viral RNA. In collabora-
tive studies they helped demonstrate the persis-
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tence of latently infected resting CD4+ T cells and
measured their extremely slow decay rate during
highly active antiretroviral therapy (HAART).

Investigators also observed a gender difference
in HIV viral levels and viral dynamics. Women have
half the viral level as men from time of
seroconversion through four years of infection, but
viral levels then increase rapidly. Further study of
these women demonstrated different viral dynamics
with increasing viral load trajectories in women
compared to men, suggesting the possibility of
hormonal influence on viral replication. The
significance of these studies is that they provide
important data that can be utilized for monitoring
future trends of the epidemic and for developing
behavioral and biological interventions to prevent
further transmission.™
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Although disease transmission and progression
is correlated with viral load, there is disturbing new
evidence that even with undetectable viral load
levels, HIV persists in cellular reservoirs. NIAID
investigators demonstrated the existence of a pool
of latently infected cells in infected patients tested.
In patients in whom plasma viremia was driven to
below detectable levels (less than 50 copies of HIV
RNA per ml of plasma) by HAART, the striking
observation was made that replication competent
virus could be isolated from the resting CD4+ T
cells from 100 percent of patients despite the fact
that plasma viremia had been suppressed by
HAART for up to two years."?



GRroupr B STrepTrococcAL INFECTION

F or the past two decades, group B
streptococcus (GBS) has been the most
frequent cause of life-threatening bacterial infection
during the first 2 months of life. Prior to adoption of
intrapanum chemoprophylaxis, GBS infections
affected approximately three of every 1,000
newborns, resulting in an estimated 11,000 cases
in the United States each year. The prevailing
incidence has dropped approximately 50 percent.
Outcomes of infection include death and permanent
neurological disorders.

Between five and 40 percent of women are
asymptomatic carriers of GBS, harboring the
bacteria in their reproductive organs or rectum.
Approximately 50 percent of infants vaginally
delivered from carrier mothers become infected,
although only one to two percent of these infants
develop symptoms. Other infants are infected later
in life through contact with an infected mother,
nursery personnel, or other individuals. Infected
infants can develop pneumonia, meningitis, and
otherillnesses.™?

One approach to preventing neonatal GBS
infection is to develop a vaccine that can be given
to a pregnant mother. In response to the vaccine,
the mother would produce antibodies that would
cross the placental membranes and enter the
bloodstream of the infant, where they would remain
for the first few months of life, thereby protecting
the infant during the period of greatest threat from
GBS infection.

The group B streptococcal bacterium is
enveloped in a complex sugar molecule called a
polysaccharide (PS) capsule. Because antibodies
produced against the PS capsule have been shown
to be protective against GBS disease, the PS
capsule is a logical vaccine candidate. However,
NIAID-supported researchers have found that
immunization with the purified capsule molecule
produced insufficient amounts of antibody among
human volunteers. Those studies led the
researchers to try boosting the vaccine’s
performance by chemically linking, or conjugating,
the capsule to tetanus toxoid, a protein that has
been used to increase the immune-stimulating
properties of several other vaccines. Results have
shown that the conjugate vaccine stimulates the
production of much higher levels of antibody than
does the pure polysaccharide vaccine.

Among the group B streptococci causing human
infection, there are at least six different types of
polysaccharide capsules. Most cases of GBS
disease among infants are caused by streptococci
with capsule types la, Ib, I, lll, or V. NIAID-supported
scientists have produced conjugate vaccines for
each of these types and are currently testing them
with humans. Three clinical lots of GBS type llI
conjugate vaccine were prepared by NIAID and an
Investigational New Drug application (IND) was filed
for evaluation of these vaccines in clinical trials.
Phase I and Phase Il trials of types la, Ib, II, lll, and
V conjugate vaccines in nonpregnant women have
shown the vaccines to be safe and more effective
in producing antibodies compared to the
comparable polysaccharide vaccines. In addition
to testing each vaccine separately, plans are being
made to test vaccine combinations.

NIAID awarded a five-year, multidisciplinary
contract to the Channing Laboratory of Brigham
and Women'’s Hospital in Boston to continue work
on the epidemiology of GBS disease, basic biology
of GBS and group A streptococci, GBS vaccine
research, and clinical trials of GBS conjugate
vaccines.
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In a continuing effort to develop maternal
vaccines, studies were undertaken to design
optimal vaccine conjugates consisting of GBS
capsular polysaccharide (CPS) (types la or Ib) and
tetanus toxoid (TT). Previous studies have shown
the importance of the degree of CPS-protein
crosslinking and the molecular weight of the CPS.
In the present study, the investigators found that
the immune response produced in rabbits and the
subsequent protective capabilities demonstrated in
mice increased with the degree of crosslinking.
Results from these animal studies led to the
development and consequent evaluation of
conjugate vaccines in healthy, nonpregnant women.
The studies enrolled 190 women who were
randomized in four trials to receive either la or Ib
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CPS (alone or conjugated to TT) or saline. CPS-
specific antibody levels peaked at four to eight
weeks post immunization, were dose-dependent,
and were significantly higher in the groups
immunized with CPS-TT conjugate vaccines. All
vaccines were well tolerated. These results support
the inclusion of a la and Ib-TT conjugates when
formulating a multivalent GBS vaccine applicable
to multiple antigenic serotypes. NIAID is currently
evaluating the safety and immunogenicity of GBS
PS llI-TT in healthy pregnant women in their third
trimester. GBS PS-IIl antibodies will be measured
in maternal and infant sera, and surveillance will
be carried out for invasive GBS disease among
these infants up to six months of age.
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t all stages of life the immune system is

important in fighting infectious agents or
foreign invaders. Itis the discriminator of self from
nonself. However, women are able to carry a
nonself fetus without rejection. This peculiar ability
seems to be at odds with the fact that women, more
than men, suffer from autoimmune diseases, in
which the immune system attacks its own tissues
(see Tables 1 and 2)."3%2 |n addition, many
autoimmune diseases are more common after the
onset of puberty or in middle to late life, stages of
changing hormonal environment in women.
Autoimmune diseases afflict more than five percent
of the United States population, and their chronic
nature impinges on women’s careers, families, and
children and leads to high medical costs.

Table 1

Women-to-

Men Ratio
Multiple sclerosis 1.5:1
Rheumatoid arthritis 3.0:1
Scleroderma 4.0:1
Systemic lupus erythematosus 9.0:1
Autoimmune thyroid diseases 15.0:1

Autoimmune disorders can be divided into two
main groups: organ-specific and non-organ-specific
diseases. Organ-specific diseases are charac-
terized by immune reactions and tissue damage
localized to a single organ or tissue—for example,
type 1 diabetes mellitus and multiple sclerosis,
where the primary lesions are localized in the
pancreas and the central nervous system,
respectively. In contrast, non-organ specific
diseases such as systemic lupus erythematosus
are characterized by immune reactivity against
antigens distributed throughout the body, resulting
in widespread damage.

NIAID supports a program of basic and clinical
research of autoimmunity and autoimmune disease.
Basic research is focused on understanding the
genetics of autoimmunity; elucidating the
mechanisms that underlie lack of self-tolerance;

Table 2
Burden of Selected

Autoimmune Diseases, United States

Estimated
Prevalence

Diabetes Mellitus

Multiple Sclerosis

300,000-500,000
250,000-350,000

Rheumatoid Arthritis 2.1 million
Inflammatory Bowel Disease 830,000
Systemic Lupus Erythematosus 240,000
Scleroderma 150,000

Sjogren’s Syndrome 200,000—4 million

approaches to induce self-tolerance; and
characterization of pathways of immune-mediated
tissue destruction. Knowledge gained from basic
studies provides the rationale for developing clinical
tests to diagnose autoimmune diseases, therapies
to prevent autoimmune diseases, and novel
treatments for ongoing disease. Research on any
given autoimmune disease may provide information
that is important for understanding multiple
diseases.

Perspectives

In multiple sclerosis (MS), the immune system
attacks proteins within myelin, the electrical
insulation that surrounds the long extensions of
nerve cells. By attacking these proteins, the
immune system destroys the myelin, greatly slowing
the transmission of nerve signals and causing
“short-circuits” between adjoining nerve cells.
These disruptions cause the symptoms of MS, such
as weakness in the limbs and sensory disturbances.

Exactly what triggers the autoimmune
responses is hot known, but may involve the display
of myelin or a protein similar to it on the surface of
specialized cells, known as antigen presenting cells
(APC). The molecule displayed is known as an
antigen, and its display elicits an immune response.
Molecules that help display antigens on the cell
surface are called major histocompatibility complex
(MHC) molecules. MHC-antigen complexes on an
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APC act as a sort of flag that attracts the attention
of immune cells called T lymphocytes, or T cells.

On the surface of T cells are molecules called
T cell receptors (TCR) that attach to MHC-antigen
complexes on APCs. This attachment is very
specific in that a particular TCR will bind to only
one type of MHC-antigen complex. When an MHC-
antigen complex and a TCR bind to each other, the
interaction may activate the T cell, that is, cause
the T cell to orchestrate immune responses aimed
at the original cells containing the antigen, in the
case of MS the myelin-coated nerve cell.

The interaction between other molecules on the
APC and T cells is also important for T cell
activation. These molecules are known as
costimulatory molecules. When a costimulatory
molecule slips into its receptor, like a key fitting
into a lock, events are triggered within the T cell
that determine whether the cell will become
activated. |If activated, the T cell orchestrates
immune responses by attracting and activating other
immune cells. It does this in part through the
interaction of cell surface molecules. In addition,
the T cell may secrete chemicals known as
cytokines that can attract or activate otherimmune
cells. These activities lead to the onset of
inflammatory processes that ultimately destroy the
myelin in the brain and spinal cord, causing the
symptoms of MS.

Procedures to interrupt the molecular
interactions that lead to inflammation may be useful
in treating multiple sclerosis and other autoimmune
diseases. For example, one treatment approach
involves inhibiting the interaction between the MHC-
antigen complex and the T cell.”

Some scientists are approaching the problem
from the opposite direction. They created altered
cell-free versions of either the antigen or the entire
MHC-antigen complex. These molecules attach to
the TCRs on T cells, inhibiting the cells rather than
activating them. These molecules might also be
useful drugs for preventing the activation of T cells
involved in autoimmune responses.'®
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Still another approach is to develop antibodies
that bind the costimulatory molecules. By binding
to these molecules, the antibodies prevent them
from interacting with their receptors and activating
the next cell in the sequence. NIAID-supported
researchers have produced these types of
antibodies and have been testing them in mice with
a disease similar to MS. One antibody was able to
prevent disease relapses'®, and another almost
completely cured the mice.""” All of these potential
MS therapies are still in the early stages of testing,
using animal models and cell culture. However,
one new immunotherapy has progressed to the
point that it is now being tested on MS patients.
This treatment involves injecting high doses of the
myelin antigens to which T cells are directed.
Paradoxically, injecting high doses causes the T
cells to self-destruct, rather than to become
activated. Although the mechanisms responsible
for this self-destruction are not fully understood,
the treatment has produced impressive resultsin a
mouse model of MS. "8

More recently, NIAID researchers produced a
nonhuman primate model of MS that is more similar
to human MS than is the mouse model.
Furthermore, the primates are large enough for
researchers to use imaging techniques to detect
myelin destruction in the brain. Using this primate
model scientists have been gathering the necessary
toxicity and dosing data to prepare for the clinical
trials with MS patients.®

Besides addressing multiple sclerosis, NIAID
scientists are conducting basic research on other
autoimmune diseases that disproportionately affect
women, such as systemic lupus erythematosus
(SLE). In this disease, the body produces
antibodies that bind to various antigens throughout
the body, forming complexes that provoke
inflammatory responses. These, in turn, damage
the skin, joints, and internal organs, causing multiple
symptoms throughout the body. SLE is more
prevalent in women than men, and more common
and severe in African American women than other
ethnic groups. NIAID is conducting three clinical
studies on SLE among women. One study involves
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evaluating a health education program aimed at
African American women, for whom the incidence
of SLE is three times higher than that among
Caucasian women.'® In this study, researchers
developed a culturally based education program
that teaches SLE patients about their disease and
how to manage it. For example, patients are taught
to identify when their disease is getting worse and
when to contact the doctor. The investigators will
determine whether educating the women about
SLE affects its course.

Another study involves informing minority
women with SLE about the risk factors for
atherosclerosis, a disease in which fatty deposits
form on the inner walls of arteries and block the
flow of blood. Risk factors include smoking,
hypertension, and obesity. Because
atherosclerosis often occurs at an early age among
SLE patients, the investigators are studying
whether warning these patients about their risk
factors will help prevent the disease. Subijects
include African American and Hispanic American
women.

The third SLE study is comparing the incidence
of SLE in Africa, the Caribbean, and the United
States. Studying the epidemiology of SLE in the
three regions might provide clues on how genetic
factors interact with environmental or lifestyle
factors to cause the disease. Genetic predisposition
is believed to be a major contributing factor to the
development of autoimmune diseases. SLE
probably results from interactions between multiple
genes and environmental factors. NIAID-supported
researchers are attempting to map the genes
responsible for SLE susceptibility in families that
have more than one person with the disease.
Identification of the genes will help in understanding
the disease mechanisms and will provide
information on how to diagnose, prevent, treat, and
cure the disease.

Using a mouse model of SLE, NIAID-supported
researchers identified several genetic regions, know
as loci, which are involved in conferring susceptibility
to lupus. They reported that two different

susceptibility loci must be present to cause lupus
nephritis. Interestingly, this combination of
susceptibility loci leads to lupus in one mouse strain
but not another. Through genetic analyses, the
researchers discovered four loci whose cumulative
effect is to mitigate the development of lupus
nephritis caused by the presence of the
susceptibility loci. Thus, these are lupus-resistant
loci. The identification of resistance loci that modify
the effect of susceptibility loci may indicate novel
targets for the treatment of lupus and other
autoimmune diseases.'?'

Autoimmune Diseases Coordinating
Committee

NIAID chairs the NIH Autoimmune Diseases
Coordinating Committee. The purpose of this
committee is to increase collaboration among the
many NIH Institutes and private groups interested
in these diseases and to facilitate the development
of a coordinated research plan. The Committee
includes representatives from most NIH Institutes,
Centers, and Offices; other Federal agencies
including the Veterans Administration, Centers for
Disease Control and Prevention, and Food and
Drug Administration; and private organizations,
including the American Autoimmune Related
Diseases Association, the Juvenile Diabetes
Foundation International, the Arthritis Foundation,
the National Multiple Sclerosis Society, and the
Crohn’s and Colitis Foundation of America.

FY 1999 Autoimmunity Initiatives

In FY 1999, Congressional appropriations
language encouraged NIH to support increased
research in autoimmunity and autoimmune diseases
and provided an additional $30 million to support
research in this area. NIAID was designated the
lead Institute and solicited the collaboration of all
Institutes with an interest in this area. The
appropriation supported the development of 10 new
initiatives, and increased support for six additional
initiatives in more advanced stages of development
at NIAID. Initiative cosponsors included: National
Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK), National Institute of
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Environmental Health Sciences (NIEHS), National
Institute of Arthritis and Musculosketal and Skin
Diseases (NIAMS), National Institute of Neurological
Disorders and Stroke (NINDS), National Institute
of Dental and Craniofacial Research (NIDCR),
National Eye Institute (NEI), National Institute of
Child Health and Human Development (NICHD),
National Institute of Mental Health (NIMH), National
Cancer Insititute (NCI), National Heart, Lung, and
Blood Institute (NHLBI), National Center for
Research Resources (NCRR), and Office of
Research on Women’s Health (ORWH). Many
meritorious applications were received in response
to these research initiatives. A report of the
Autoimmune Diseases Coordinating Committee will
provide further details on the individual initiatives,
sponsors, and the research to be supported.

Ongoing Programs

In addition to the FY1999 Autoimmunity
Initiatives, NIAID supports interdisciplinary research
programs on autoimmune disease (see Table 3)
and is unique in supporting programs that
incorporate multiple autoimmune diseases. For
example:

* Hyperaccelerated Award/Mechanisms
in Immune Disease Trials: In
collaboration with industry this program
supports basic mechanistic studies related
to ongoing clinical trials in autoimmune
diseases. Applications are abbreviated, can
be submitted monthly, and receive an
expedited review, leading to awards within
13 weeks of submission.

* Diabetes Prevention Trial-1 (DPT-1):
DPT-1, a large multicentered clinical trial
to determine whether treatment with low-
dose insulin can prevent type | diabetes, is
supported by NIAID in collaboration with
NIDDK and NICHD. This is the first large
nationwide trial of an immunomodulatory
agent for the prevention of an autoimmune
disease. High-risk subjects are randomized
to treatment with low dose injections of
insulin or no intervention. Intermediate risk
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subjects are randomized in a placebo
controlled double-masked trial with oral
insulin as the intervention. The trial is
expected to run until 2002.

* North American Rheumatoid Arthritis
Consortium: In collaboration with NIAMS,
this consortium collects clinical data and
genetic material from families with
rheumatoid arthritis. The data in the registry
and samples in the repository are available
to all investigators and should facilitate the
characterization of the genes underlying
susceptibility to rheumatoid arthritis.

Institute of Medicine (loM) Studies

NIAID joined NIAMS, NCI, and ORWH in
supporting an IOM study to evaluate the status of
research related to the safety of silicone gel breast
implants. One aspect of the study focused on the
status of research related to the immune response
to silicone. According to the report, post-operative
infections/complications pose the major health risk
associated with silicone gel breast implants. This
risk is compounded by the fact that follow-up
procedures, such as replacement of leaking
implants, are often required. The commission found
no reliable data to support the claim that silicone
breast implants increase a woman’s risk for
developing autoimmunity, and the commission found
that many of the studies published to date on the
impact of silicone gel breast implants are seriously
flawed and the data unreliable. The results were
published in June 1999 and can be obtained on
the Web at: www.nap.edu/books/0309065321/html/.

Patient-Oriented Activities

NIAID cosponsored a meeting on “New
Immunotherapies for Autoimmune Diseases” on
April 9-10, 1999. This conference aimed to provide
a platform to share the latest developments in
immunomodulatory therapies and to promote
interactions between basic scientists, clinical
researchers, patients, and patient groups. To
accomplish this the conference held parallel seminar
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Table 3: Sample of Ongoing Programs

Autoimmunity Centers of Excellence: Four Centers were established to support a cooperative program
of integrated basic, preclinical, and clinical research. Single and multisite cooperative clinical trials will
be conducted for new immunomodulatory interventions and studies of mechanisms of action of tolerance
induction. Participating Centers are Brigham and Women'’s Hospital, Columbia University, the University
of Colorado, and the University of Pennsylvania. For more information, visit the Web site:
www.emmes.com.

Collaborative Network for Clinical Research on Immune Tolerance: A contract was awarded to the
University of Chicago to support a consortium of basic and clinical scientists who will perform clinical
trials and mechanistic studies that are focused on autoimmune diseases and that use various approaches
to tolerance induction. For more information, visit the Web site: www.immunetolerance.org.

Human Immunology Centers of Excellence: Program projects and independent grants to study basic
parameters of human immune responses were funded.

Research Resource for Genetics of Families with Multiple Autoimmune Diseases: A contract was
awarded to the North Shore University Hospital to establish a repository of genetic and clinical data and
materials collected from families in which two or more individuals are affected by two or more distinct
autoimmune diseases. The Resource will provide materials to promote research that advances the
discovery of human immune response genes involved in autoimmunity.

Bone Marrow-Derived Stem Cell Transplantation for the Treatment of Autoimmune Diseases: A
contract to study mechanism, safety, toxicity, and efficacy of bone marrow-derived stem cell
transplantation for the treatment of autoimmune disease was awarded to Northwestern University.

Nonhuman Primate Transplant Tolerance Cooperative Study Group: A contract to examine tolerance
induction treatments in nonhuman primate models of kidney and islet transplantation was awarded to the
University of Alabama.

Immunological Phenotyping of Mouse Mutants: Grants were awarded to develop new technologies for
rapid screening of normal and mutagenized mice.

New Imaging Technologies for Autoimmune Diseases: Grants were awarded to develop new
technologies for in vivo imaging of the immune system in small animal models of human autoimmune
diseases.

Target Organ Damage in Autoimmune Diseases: Grants to stimulate innovative and multidisciplinary
studies of target organs in autoimmune disease were awarded. Definition of discrete pathogenic
processes involving the target organs will provide a scientific basis for new therapeutic interventions.

Environment/Infection/Gene Interactions in Autoimmune Disease: Grants were awarded to support
basic, epidemiological, and preclinical research on the roles of environmental and infectious agents,
genes, and hormones in autoimmune diseases in the etiopathology of autoimmune diseases.

Pilot Trials on Innovative Therapies for Rheumatic and Skin Diseases: Contracts were awarded to
develop novel therapies to treat rheumatic and skin diseases.

Human Islet Transplantation Into Humans: Grants were awarded to promote research on human islet
cell transplantation into humans for clinical trials in type 1 diabetes.

Pilot Studies for New Therapies for Type 1 Diabetes and Its Complications: Grants for feasibility
studies of new therapies in type 1 diabetes or its complications were awarded.

Clinical Trials and Clinical Markers in Immunologic Diseases: Grants were awarded to promote
translational research for the development of clinical trials and clinical markers of autoimmune diseases
including activity, risk, therapeutic effect, or diagnostic criteria.
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series with one series addressed to a lay audience
and one series addressed to a scientific audience.

NIAID also published an informational brochure,
“Understanding Autoimmune Diseases,” to enhance
the public understanding of the immunologic basis
for these diseases and the promise of
immunomodulation for the treatment and prevention
of these diseases in the future.

Meetings

Together with NCI, NIAID cosponsored a
meeting on “New Approaches to Identifying
Infectious Etiologies of Chronic Diseases.” The goal
was to evaluate the need and opportunities for
developing new approaches for determining the role
of infectious agents in chronic diseases. Evidence
is mounting that infectious agents are major
contributing or causative factors in the development
of many chronic diseases, including autoimmune
diseases. In many cases, host genetic differences
are likely to affect the risk for diseases triggered by
infection from environmentally encountered
infectious agents.

NIAID sponsored a meeting on “Discovery of
Human Immune Response Genes” on September
27, 1999, to identify strategies that will facilitate
the discovery of genes that regulate autoimmune
and immune responses. It is likely that common
immune regulatory gene families, other than the
HLA region, contribute to the susceptibility or
protection from autoimmune and other immune
mediated diseases. Identification of the genes,
gene products, and their function in pathological
immune responses will provide important insights
into disease mechanism and should lead to new
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therapeutic approaches. For more details on new
immunotherapies, see the section on patient-
oriented activities.

New Initiatives

NIAID with NIDCR and the Crohn’s and Colitis
Foundation of America issued an RFA entitled
“Innovative Research in Human Mucosal Immunity”
to promote innovative and novel projects on human
mucosal immunity. Further understanding of chronic
mucosal inflammation, including inflammatory bowel
disease, and the role the mucosal immune system
plays in induction of tolerance or immunity could
facilitate the development of novel treatments and
preventive approaches to autoimmune and
infectious diseases. Grants are expected to be
awarded in FY2000.

NIAID with NIDDK and the Juvenile Diabetes
Foundation International issued an RFAto establish
Diabetes Centers of Excellence to stimulate the
integration of the most current basic, translational,
and clinical diabetes-related research. Research
will be relevant to the cure, prevention, and
improved treatment of type 1 diabetes and its
complications. The centers will include the
involvement of both basic and applied scientists in
collaborative endeavors to develop novel treatments
for type 1 diabetes. Grants are expected to be
awarded in FY2000.

As part of new trans-NIH Diabetes Initiatives,
NIAID with NIDDK and NICHD issued an RFA for
New Strategies for Treatment of Type 1 Diabetes
to support the development of novel strategies,
including immunomodulatory therapies, for the
treatment of type 1 diabetes.
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Organ transplants have saved the lives of
thousands of patients and improved the
quality of life for tens of thousands more. In 1998,
more than 21,000 organ transplants were performed
in the United States, 45 percent of them among
women.'??2 The first organ to be transplanted, in
the 1950s, was the kidney. Today, approximately
25 different organs and tissues are transplanted.
Different cell types are transplanted as well,
including fetal brain cells, pancreatic islet cells, and
liver cells.

Despite major advances in the field, many
transplants fail within the first year. NIAID is
conducting extensive research to increase the
percentage of successful transplants. To prevent
graft rejection, clinicians have administered
immunosuppressive drugs, such as cyclosporine.
Since 1984, when cyclosporine was introduced,
overall graft survival rates have improved by 10
percent,'? but still 10 to 15 percent of transplanted
organs and tissues fail within the first year after
transplantation.'* In the case of vital organs, such
as the heart, lung, and liver, the loss of the transplant
generally results in the death of the patient. In the
case of nonvital organs, such as the kidney and
pancreas, the loss of the transplant is generally
not fatal because alternate therapies are available,
but the patient’s quality of life is affected and the
costs of medical care are high. For example, the
cost of a failed kidney transplant is estimated, on
average, to be four times that of a functioning
transplant.’?® Another problem is that patients
taking immuno-suppressive drugs become more
susceptible to infections because the immune
system has been largely inactivated.

To develop treatments that are more effective
than immunosuppressive drugs and that do not
increase susceptibility to infections, NIAID is
supporting research on the immunologic
mechanisms of transplant rejection. The goalis to
develop a treatment that specifically blocks those
components of the immune system that are involved
in transplant rejection while leaving all other
components untouched. The Institute currently
supports five program projects in transplantation

immunology and, in collaboration with the Juvenile
Diabetes Foundation International, is preparing to
support program projects on transplant tolerance.

NIAID has requested applications for research
on cell surface molecules called minor
histocompatibility complex molecules and their role
in graft rejection. The Institute has also requested
applications for research on the issue of chronic
rejection, which is the major problem in
transplantation today. Chronic rejection is the
progressive loss of function of a transplanted organ
months and sometimes years after it has been
transplanted. This process involves the
development of extensive fibrous tissue in the
transplant and arteriosclerosis, or hardening, in the
arteries of the transplant. A method for preventing
chronic rejection would decrease the waiting list
for organs by stopping retransplantation due to graft
loss.

In 1991, NIAID established the Cooperative
Clinical Trial in Adult Transplantation (CCTAT) to
expedite the evaluation of new treatments to prevent
the rejection of kidney transplants among adults.
This cooperative group was renewed in 1995 and
involves 32 renal transplant units throughout the
United States. The important trial studied the
efficacy of donor-specific blood transfusion on
kidney graft survival. In this treatment, patients are
given donor blood prior to receiving the donor’s
kidney. Although the mechanisms of this treatment
are not yet understood, results showed that this
treatment directly led to a 50 percent reduction in
kidney graft rejection episodes in the first six months
post-transplantation. Patients are being followed
for 10 years to determine whether this therapy has
a positive effect on long-term graft survival.

In 1994, the Institute established the Cooperative
Clinical Trial in Pediatric Transplantation (CCTPT).
This cooperative clinical trials program was
renewed in 1999 and is conducting clinical trials of
new treatments to prevent kidney transplant
rejections among children and involves 41 U.S.
medical centers, one Mexican center and two
Canadian centers. A separate clinical trial for
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children is needed because children have
significantly poorer kidney and liver transplant
survival rates, apparently because children have
more active immune systems. One indication of
this greater activity is that children require higher
doses of immunosuppressive drugs to prevent
transplant rejection. An important new trial in the
CCTPT is testing the use of a new immuno-
suppressant, Rapamycin, to prevent the onset of
chronic rejection. Preliminary results with this agent
have shown a decrease in graft vascular sclerosis,
a hallmark of chronic rejection.

NIAID continues to chair and coordinate the NIH
Transplantation Research Coordinating Committee,
which fosters interactions not only among the
various NIH Institutes, Centers, and Divisions but
also between NIH and other Federal agencies. This
open communication has enhanced the efficacy of
federally funded transplantation projects.

In 1995, NIAID convened a meeting titled “NIAID
Expert Panel on Immunologic Interventions for
Promoting Transplant Tolerance: State of the Art
and Future Directions.” This and subsequent
meetings led to the establishment of the
Collaborative Network for Clinical Research on
Immune Tolerance. The Immune Tolerance Network
will facilitate and accelerate the clinical application
of promising tolerogenic treatment strategies for
multiple immune-mediated disorders. NIAID, with
cosponsorship from the National Institute of
Diabetes and Digestive and Kidney Diseases and
the Juvenile Diabetes Foundation International,
recently established the Immune Tolerance Network
by awarding a seven-year contract to the University
of Chicago. This unique, multi-institutional consor-
tium brings together more than 70 researchers and
clinical specialists from 40 institutions in nine
countries and will evaluate the safety and efficacy
of tolerance induction protocols in four clinical areas:
kidney transplantation, islet transplantation,
autoimmune diseases, and asthma and allergic
diseases. In addition, studies of the underlying
mechanisms of the induction, maintenance and loss
of tolerance will be incorporated as an integral part
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of all clinical trials, along with studies focused on
the development and validation of biomarkers and
assays to measure tolerance in humans. The
Immune Tolerance Network has solicited proposals
from individual investigators and private
organizations to develop and assess mechanisms
of tolerance induction in a clinical setting. As of
the first submission deadline in December 1999,
65 proposals were received.

In recent NIAID-funded research on
transplantation, scientists have been testing a new
drug derived from immune system proteins that
prevents immune responses against an organ
transplant. The researchers tested the effect of
the drug on the development of arteriosclerosis in
a heart transplant conducted with rats. Arterio-
sclerosis of donor blood vessels is one of the leading
obstacles to the long-term survival of organ
transplants. In rats treated with a single dose of
the drug two days after transplanting the heart, the
grafts survived significantly longer than those did
in untreated rats. Furthermore, the drug was twice
as effective in promoting long-term graft survival
than cyclosporine was. Examining grafts under the
microscope showed that fewer blood vessels in the
cardiac transplant from drug-treated rats were
diseased, and when disease occurred, it was less
severe.'?

The same researchers also showed that the
drug promotes the long-term survival of kidney
grafts as well as heart grafts. Administering the
drug two days after transplanting the organ appears
to be an important factor, because a group that
was treated with the drug on the same day as the
transplantation had a long-term survival rate that
was only a third as much. The drug appears to
induce a tolerance that is specific for a particular
donor, as demonstrated by the fact that drug-treated
rats with long-term surviving kidneys could later
accept a heart from the same donor but not from
another one.'? Studies of the drug in humans are
being conducted under CCTAT. As indicated in
the animal studies, the drug shows promise for
selectively blocking the immune responses involved
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in graft rejection without depressing the entire
immune system, and appears to prevent graft
arteriosclerosis.

T cells, and, in particular, CD8+ cytotoxic T
cells (CTLs) are important effector cells in antiviral
and anticancer immunity, and these cells are
promising candidates for adoptive immunotherapy
of cancer. Therefore, NIAID researchers are
attempting to reveal the cellular and molecular
requirements for CTL differentiation and effector
functions and to develop novel strategies and drugs
forimmunomodulation.

Another project is intended to discover important
regulatory molecules that control T cell
development within the thymus and peripheral
immune responses, which may have important
implications for bone marrow transplantation and
immunodeficiency diseases involving T cells.
Researchers are studying signaling molecules such
as RIk to understand how T lymphocytes can detect
and formulate a defensive attack against infectious
agents. This may allow the development of more
efficient forms of treatment for infectious
diseases.?®
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Asthma is an inflammatory disease of the lung
in which the bronchi and bronchioles overreact
to many stimuli. Most asthma cases seem to be
associated with allergies, and after a patient is
sensitized to an offending allergic agent, or allergen,
a minute amount of that allergen can trigger an
asthma attack. The search for the cause of asthma
is complicated, though, as the disease can be
triggered by multiple factors, including upper
respiratory diseases, air pollution, and exercise.
Genetic factors also appear to play a role.

In an asthmatic episode, the air passages
narrow in such a way that air comes in, but the
lungs will not deflate normally. It becomes
particularly difficult for asthma patients to breathe
out, and they wheeze and cough. Most attacks
typically last for minutes or perhaps hours, after
which patients seem to recover completely. Some
asthmatic episodes can become severe, with
symptoms that persist for days or weeks. In
unusual circumstances, acute episodes can be
fatal.’?®

In 1994, 14.6 million persons in the United
States, or 5.6 percent of the population, reported
they had asthma,’® and in 1993, it was the first-
listed diagnosis for more than 468,000
hospitalizations.! Although asthma deaths are
uncommon, they increased from 1.3 per 100,000
to 1.9 per 100,000 during the 1980s, a 46 percent
increase.’ For those younger than 24 years of
age, deaths increased 118 percent from 1980 to
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> Asthma is an inflammatory disease of the
lungs that causes difficulty in breathing with
associated wheezing and coughing. Though
serious, acute attacks are rarely fatal. In
childhood, boys outnumber girls for asthma
hospital admissions 2 to 1, but from ages 20
to 50, women outnumber men 3 to 1. There
is evidence that asthma may be related to
women s hormonal changes.

> NIAID's Asthma and Allergic Diseases
Research Centers feature Asthma
Demonstration and Education Research
projects that develop methods for preventing
and treating asthma among underserved
populations, particularly ethnic minorities.
The Institute also sponsors the Inner-City
Asthma Study, which focuses on interventions
aimed at reducing asthma symptoms in
inner-city children with moderate to severe
asthma.

> NIAID-sponsored researchers have succeeded
in identifying a region on chromosome 5
containing several genes possibly involved in
the development of asthma. In other work,
scientists have found that the viruses that
exacerbate asthma attacks, such as cold
viruses, do so by stimulating the release of a
cytokine that causes an inflammatory
response in the lung. To study the release of
cytokines in the lung during an asthma
attack, researchers have applied a new
technique that can analyze the cytokines of
large numbers of cells quickly.

> As a result of NIAID-funded research on
asthma therapies, scientists are developing
DNA vaccines that may be safer and more
effective than standard allergy
immunotherapy. Researchers have also made
progress in determining the mechanisms by
which immunotherapy can inhibit the cells
that cause allergy symptoms.

1993." In 1990, the estimated cost of asthma in
the United States was $6.2 billion, 43 percent of
which was due to emergency room use,
hospitalization, and death.'34
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Among children younger than 10 years of age,
the number of hospital admissions for asthma is
twice as high for boys than for girls, but by the time
people reach age 20, the ratios are nearly equal.
(Predisposition to allergy shows a similar switch
after puberty.) Between the ages of 20 and 50, the
ratios switch—the number of hospital admissions
for asthma is three times higher for women than for
men."® Among adults, the disease is more severe
in females, particularly in women of childbearing
age. Asthma also may be worse just before or
during a woman’s menstrual period."® Such trends
suggest that women may be at greater risk of severe
asthma during times of hormonal change.

NIAID currently supports 13 Asthma and Allergic
Diseases Research Centers throughout the
country. These centers conduct basic, applied, and
clinical research on asthma and other allergic
diseases. The centers also operate eight Asthma
Demonstration and Education Research projects
that develop innovative methods for preventing and
treating asthma among underserved populations,
particularly ethnic minorities. Another program
called the Inner-City Asthma Study is focused on
asthma among inner-city children.

Recent NIAID-funded research on asthma
includes a study in which scientists located a region
on chromosome 5 that is associated with the airway
hyperreactivity that occurs in asthma. Clusteredin
this region are several genes that possibly
contribute to asthma.”™ The fact that scientists
are discovering asthma-related genes indicates that
diagnostic tests could be developed that would
identify individuals susceptible to asthma and
distinguish between different asthma types. The
tests may also help researchers discover treatments
that are more potent and effective for a particular
asthmatype.

Viral infections of the upper respiratory tract,
such as infections with the cold virus, are
responsible for many asthma exacerbations. NIAID-
supported researchers have found that the viruses
that induce asthma attacks stimulate the release of
certain immune cell messengers known as cytokines

in the airways. They found that the level of a
specific proinflammatory cytokine, IL-11, is highest
in patients with clinically detectable wheezing.
Furthermore, in studies with mice, this cytokine
caused airway hyperresponsiveness that was
similar to that seen in asthma. In other research,
NIAID-supported investigators found that the cold
virus normally binds to molecules on the surface of
inflamed upper airway cells, but when patients with
asthma are exposed to allergens and airway
irritants, these molecules appear in both the upper
and lower respiratory tract. As a result, the viruses
that attach to them are able to infect cells throughout
the airways and stimulate the release of the
inflammatory cytokine.®

Because these studies have supported the
finding that asthmatic inflammation in the lungs
involves production of cytokines, NIAID researchers
have applied a technique called flow cytometry that
allows them to determine cytokine production in
immune cell populations, even when the cells are
part of a cell mixture. To establish which cytokines
are produced during an asthma attack, the
scientists take samples from individuals with asthma
and from normal persons both before and after
allergens have been applied in the lungs.™® This
system is specific and sensitive and can analyze
the cytokines of large numbers of cells quickly.
Initial results suggest that certain immune cell
populations migrate preferentially to the lung during
asthmatic inflammation and secrete cytokines
known to be involved in allergic reactions.

Recently, using flow cytometry, NIAID
researchers have established that eotaxin is an
immunomodulatory cytokine amplifying
inflammation. In order to develop therapeutic anti-
inflammatory strategies for asthma and allergic
diseases, a better understanding of the cells that
produce these cytokines and of the mechanisms
required for the production and amplification of
asthmatic inflammation are needed.°

By learning to manipulate the movements of
different types of immune cells, researchers might
succeed in developing new therapies that would
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encourage the presence of immune cells that
produce anti-inflammatory (or “good”) cytokines.
Other therapies might involve the production of
antibodies that bind to pro-inflammatory (or “bad”)
cytokines and prevent them from acting.

Another NIAID project has been examining the
cytokine profiles of mast cell, basophil, and T cell
subpopulations that may be involved in the
generation of inflammation in asthmatic airways.
Specific goals are to identify mast cell and basophil
products that may contribute to bronchial
inflammation, and to define the cytokine profile of
peripheral blood and bronchoalveolar lavage (BAL)
T cells from asthmatics and normal volunteers in
order to determine if indeed there is preferential
trafficking of specific cytokine producing T cell
subsets. After allergen exposure, IgE bearing cells,
such as mast cells and basophils, are first activated.

In some patients, allergen immunotherapy has
been used for treating allergic asthma. Although it
is a standard treatment, it has certain
disadvantages. The injections must be repeated
over a number of years, and they present a constant
risk of serious allergic shock. For asthma sufferers,
the therapy may provide only modest relief. NIAID-
supported researchers have made progress in two
areas concerning asthma therapies—producing
safer, more effective allergy vaccines and
elucidating the mechanisms of allergy
immunotherapy so that it can be made more
powerful.
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NIAID-supported researchers are developing
DNA vaccines against allergies, which represent a
significant leap forward in vaccine development.
Standard allergy immunotherapy consists of
injecting gradually increasing doses of allergens
into a person so that the immune system becomes
less responsive to the allergens. In contrast, DNA
vaccines consist of the genes for these allergens
that have been inserted into a harmless plasmid.
Although the mechanisms by which DNA vaccines
work are not yet entirely understood, they may
induce the production of certain antibodies that
block allergic responses.’™! This method appears
to be more effective in dampening allergic reactions
than is the standard method and less likely to induce
allergic shock. It also requires fewer injections,
which makes it more cost-effective.

In other work, NIAID-supported researchers
have found that blocking antibodies appear to bind
to receptors on mast cells in the airways. When
activated, mast cells secrete chemicals that cause
the symptoms of allergy. However, when blocking
antibodies bind to their receptor, mast cells are
prevented from releasing their contents, which stops
the development of allergic symptoms.'? This
information could be useful in developing new
allergy therapies, such as a drug that binds to this
inhibitory receptor. This approach may be quicker
and more effective than standard allergy immuno-
therapy, which also involves the production of
blocking antibodies over a period of months.



CHRoONIc FATIGUE SYNDROME

Chronic fatigue syndrome (CFS) patients can
suffer for years from debilitating fatigue, with
unrefreshing sleep, muscle and joint aches, tender
lymph glands, and a host of other symptoms,
including problems with mental concentration and
memory. CFS is a serious health problem in the
United States, affecting at least three of every 1,000
patients seen in general medicine clinics. It is
estimated that the prevalence rate in the United
States is higher than 100 per 100,000 persons.
Analgesics, antidepressants, and other symptom-
based therapies can provide some relief, but there
are no known specific treatments for CFS.
Moreover, the search for them is complicated by
the fact that the cause of the disease is unknown.
CFS is diagnosed two to four times more often in
women than in men, and its onset may follow
infection, stress, or trauma, which have been
postulated to cause uncharacterized irregularities
in the immune system, the nervous system, or the
endocrine system. NIAID has been the leading NIH
Institute for CFS research because early research
endeavors were focused on a hypothesized
infectious cause. To date, no infectious or other
cause has been reproducibly associated with CFS.

The prevalence of CFS is difficult to estimate
because diagnostic criteria and methodology are
subjective and not well standardized. Data
published from a CDC study on cases referred by
physicians in four United States cities suggested a
minimum prevalence rate of four to 8.7 per 100,000
persons 18 years old or older, with age-specific
prevalence rates among Caucasian women ranging
from 8.8 to 19.5 per 100,000."** Results from a
NIAID-supported study of CFS and other forms of
chronic fatigue among HMO patients estimated a
prevalence of 75 to 267 cases per 100,000
persons.'4

Initial epidemiologic studies of CFS suggested
that the affected population is 75 percent female
and 90 percent Caucasian. However, these
estimates are potentially confounded by factors
such as access to health care. NIAID-supported
researchers have estimated CFS prevalence,
including the prevalence among minority groups,

through a survey of 26,000 adults from diverse
socioeconomic and ethnic backgrounds in Chicago.
Subjects were contacted by telephone, and those
suspected of having CFS were given a medical
examination to rule out other potentially treatable
illnesses.

At present, CFS is diagnosed from so-called
“‘major” and “minor” criteria developed by the
Centers for Disease Control and Prevention in 1988
and revised in 1994. The major criteria are (1)
fatigue lasting at least six months that seriously
interferes with the patient’s life, and (2) no evidence
of any other iliness that can produce chronic fatigue.
The minor criteria include muscle pain,
postexertional fatigue, headaches, and infectious-
type symptoms, such as sore throat and swollen
glands. The CDC publication also sets
recommendations for clinical evaluation of fatigued
persons and a strategy for subgrouping subjects
for formal study.®

To evaluate the minor criteria, NIAID-supported
scientists compared the symptoms of patients
meeting the major CFS criteria to both healthy
subjects and to patients with either multiple
sclerosis or major depression. Both of the latter
diseases cause symptoms that are similar to those
of CFS. In these comparisons, many of the minor
criteria were more frequent among CFS patients.
Two other symptoms also occurred more frequently
among CFS patients—lack of appetite and nausea.
Minor criteria symptoms that did not occur more
frequently among CFS patients included joint pain
and sleep disturbance.®

Researchers are currently taking many different
approaches to studying CFS. Some are searching
for evidence of viral disease, others are examining
neurologic and cardiologic factors, while others are
exploring the possibility that the disease is caused
by altered hormone levels. NIAID researchers
thought that they had a promising lead when they
found that CFS patients had moderate but
statistically significant reductions in the blood levels
of hydrocortisone. Doctors have long known that
even subtle deficiencies in hydrocortisone can be
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associated with lethargy and fatigue. When the
researchers orally administered hydrocortisone to
CFS patients, the treatment produced modest
benefits in the CFS patients. However, it also
suppressed the adrenal gland, which produces a
number of important hormones, including
hydrocortisone. Adrenal suppression is undesirable
because the gland would not be able to respond
well to sudden stressful events such as a heart
attack or an accident.™’

Other avenues of research have also been
pursued. NIAID-supported investigators found that
some CFS patients had symptoms of neurally
mediated hypotension (NMH), a treatable disorder
characterized by rapid falls in blood pressure due
to an abnormal reflex. The fall in blood pressure,
or hypotension, is associated with dizziness, blurred
vision, and sometimes fainting. Many patients with
NMH experience prolonged periods of fatigue that
subside upon successful treatment of the disorder.
The researchers decided to provide CFS patients
who also had NMH with drugs used for treating the
latter disorder. In this preliminary study, a majority
of the 21 CFS patients treated demonstrated a
favorable response to therapy. NIAID recently
supported a double-blind, placebo-controlled
clinical trial to test the efficacy of one of these drugs,
fludrocortisone. Results are expected sometime in
2000.

In other work, NIAID-supported investigators are
studying the hypothesis that the energy-conserving
portion of the nervous system, the parasympathetic
nervous system (PNS), is altered in at least some
CFS patients. The researchers used a noninvasive
technique to measure the activity of the vagus
nerve, the principal nerve in the PNS. Using this
technique, they found that vagal activity appeared
to be lower in some CFS patients.'®

In late 1999, NIAID announced its most recent
research awards totaling $1.9 million in first-year
funding to support three Chronic Fatigue Syndrome
Cooperative Research Centers. The Centers will
conduct broadly focused research addressing basic
science, clinical, and epidemiological aspects of
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CFS, including its causes, characteristics, and
treatment. The new five-year awards will be made
to the University of Medicine and Dentistry in
Newark, New Jersey; the University of Washington
in Seattle; and the University of Miami.

The Newark center has recently been
attempting to characterize heart and nervous system
abnormalities in subsets of persons with CFS. The
University of Washington center will continue its
examination of identical and nonidentical twins,
including twin sets in which one twin has CFS and
one does not. Twin studies have been frequently
used in medical research of diseases of unknown
cause to examine the relative contributions of
heredity and environmental factors. The Miami
center is a new award and will focus on “cognitive-
behavioral” stress management therapy in persons
with CFS. This line of research emphasizes the
importance to patients of managing symptoms even
when their causes are unknown. Each of the three
centers will also conduct multifaceted projects in
other areas of CFS research, including small pilot
projects designed to encourage quick pursuit of new
scientific leads, unexpected findings, and innovative
ideas.

The Centers program complements other
NIAID-supported research in CFS that began in
1980. To coordinate and enhance Federal research
efforts, NIAID also works with other NIH institutes
that fund CFS research, as well as with other
Federal agencies, including CDC, the Food and
Drug Administration (FDA), and the Health
Resources and Services Administration (HRSA).

For example, in collaboration with researchers
at NINDS, NIAID staff have studied memory function
in CFS, as well as the acute affects of a brief febrile
episode in CFS patients and control subjects to
determine whether CFS patients possess
decreased neuropsychological reserve and
prolonged reductions in performance following a
brief illness. With researchers from the National
Institute of Child Health and Human Development
and the National Institute of Mental Health, NIAID
researchers published a controlled study of the
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rates of seasonality of CFS symptoms, concluding
that reduced seasonality distinguishes CFS from
seasonal affective disorder.

In early 2000, NIAID is convening a “state of
the science” consultation meeting identifying new
ideas and promising leads in CFS research.

Regardless of the outcome, research on CFS clearly
must be multifaceted, using knowledge and
expertise from many disciplines—including virology,
immunology, neurology, physiology, psychiatry, and
endocrinology—to find the cause and satisfactory
treatment for CFS.
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CANCER

Cancer refers to a group of diseases in which
abnormal cells divide without control. Cancer
cells can invade nearby tissues and can spread
through the bloodstream and lymphatic system to
other parts of the body. Although the exact
mechanisms of cancer have not been determined,
it is known that cancer may result from mutations
in the genes that regulate growth and differentiation
(i.e., the process by which unspecialized embryo
cells take on the characteristics of a particular
tissue or organ). Cancer cells have lost their
differentiated characteristics and have reverted to
being similar to embryo cells.

One-third of all individuals in the United States
will develop cancer, most commonly of the lung,
colon or rectum, and breast. Cancer kills one of
every five persons in this country, which makes it
second only to cardiovascular disease as a cause
of death.™®

Although cancer is not a major focus of research
for NIAID, the Institute does support some studies
in this area. Most of these studies involve viruses
that are carcinogenic, i.e., cause cancer. For
example, hepatitis B virus (HBV) causes liver
cancer, a serious health problem, particularly in Asia
and Africa, where liver cancer represents about 30
percent of all cancers.' To better understand HBV
infection and how it causes cancer, NIAID
researchers have been studying woodchuck
hepatitis virus (WHV), a close relative of HBV, which
also causes liver cancer. Scientists are analyzing
the WHV virus’s genetic structure to determine
which genes are involved in producing cancer and
how they operate.™"

Human T lymphotrophic virus | (HTLV-I) is
another carcinogenic virus being studied by NIAID
researchers. HTLV-l infection can lead to adult T
cell leukemia/lymphoma (ATL), an immune cell
cancer most commonly found in Japan, parts of
the Caribbean, and central Africa. To produce an
animal model of ATL, NIAID scientists infected rabbit
immune cells with HTLV-l and then injected the
resulting cancerous cells into rabbits. The
transformed cells proliferated throughout the body
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in a pattern similar to that of ATL. This animal model
is being used to determine methods to diagnose,
treat, and prevent HTLV-I infection.s?

This model may help explain why only a small
percentage of people with HTLV-1 have
symptomatic disease whereas the majority of
infections are silent. To determine the mechanisms
of the development and pathogenesis of HTLV-I-
associated diseases, NIAID researchers have
focused on the interaction between HTLV-I viral
products and various cellular molecules. These
studies utilized virus known to cause disease in
rabbits compared to those that cause asymptomatic
infection.'3

Another NIAID-supported study led to the
development of a cell-free HTLV-I infection assay
system, in which fresh cell-free HTLV-I successfully
infected mammalian cell lines. Using this approach,
several human cell lines were tested for the
susceptibility to HTLV-Il infection and two groups of
cell lines that show different susceptibility to HTLV-
| infection were identified. ldentification of HTLV-I
receptor is important for HTLV-I pathogenesis,
therapeutic research, and vaccine development.
Although several candidates of the receptor for
HTLV-1 had previously been proposed, the identity
of the HTLV-I receptor had heretofore not been
determined.

With regard to lymphoma, NIAID researchers
conducted mouse studies to reveal that lymphoma
development is closely correlated with presence of
murine leukemia viruses (MuLV). MulLV may
accelerate initiation and influence progression of B
cell lymphomagenesis. In humans, several
lymphoma types have been associated with specific
chromosomal translocations that result in structural
changes of cellular genes controlling cell
proliferation. Armed with this information,
researchers induced mutations in some mouse T
cell lymphoma systems by insertion of MuLV proviral
sequences into cellular DNA. These researchers
published a detailed morphological and cell surface
antigen phenotyping study of a large number of
splenic marginal zone lymphomas developing
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spontaneously in NFS.V+ mice; the morphological
description includes a delineation of steps of
progression that clearly defines grades of this
lymphoma and phenotypic studies suggest an
antigen-driven mechanism.'®* Further, this
description suggests an association between
marginal zone lymphomas and mutations of the
tumor suppressor gene p53 (p53-deficient mice
develop MZL, a tumor not seen in wild type mice).'

Among other carcinogenic viruses, it is
accepted that some types of human papillomavirus
(HPV) cause cervical cancer, a disease that affects
15,000 women in the United States and causes
6,000 deaths. Cancers of the penis, anus, vagina,
and vulva also have been associated with HPV
infection. Study of HPV infection has previously
been hampered by lack of a suitable model

system—the virus replicates only in skin, which is
difficult to maintain in tissue culture. However,
NIAID scientists, in collaboration with the National
Cancer Institute, have now developed a model
system for maintaining human or cattle skin, a
method useful for studying how papillomavirus
infection leads to cancer.'®

In addition to studying carcinogenic viruses,
NIAID researchers are also attempting to develop
cancer vaccines. Just as vaccines against microbes
prime the immune system to recognize and attack
unique molecules on microbial surfaces, so too itis
possible to create vaccines that induce immune
system recognition of molecules unique to the
surface of cancer cells. Such vaccines could then
be used either alone or in concert with other
treatments to attack and destroy cancer cells.
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HEPATITIS

Hepatitis is an inflammation of the liver most
commonly caused by infection with one of five
viruses—hepatitis A, B, C, D, and E. Women
represent a significant infected population for all
forms of hepatitis, with pregnant women at special
risk for adverse effects of hepatitis E. All of these
viruses can cause acute symptoms lasting several
weeks, including yellowing of the skin and eyes
(jaundice), dark urine, extreme fatigue, nausea and
vomiting, and abdominal pain. Full recovery may
take several months to a year. Recovery israrein
hepatitis C virus infections—85 percent develop
persistent infection. These percentages are
reversed for hepatitis B virus. When these viruses
cause this persistent infection, the individual
becomes a carrier. Carrier infections can progress
to more severe disease, such as cirrhosis (scarring
of the liver), liver failure, and liver cancer.'’

The hepatitis A virus, or infectious hepatitis,
usually causes an acute, benign condition that is
transmitted through food and water contaminated
with infected fecal matter. Good personal hygiene
and proper sanitation can help prevent this disease.
Vaccines are available for long-term prevention of
hepatitis A virus infection in people two years of
age and older, and immune globulin is available for
short-term prevention in all ages.'s®

Hepatitis B (HBV) is the most serious type of
viral hepatitis. HBV infection at birth or early
childhood often leads to chronic disease. It can
cause lifelong infection, cirrhosis, liver cancer, liver
failure, and death. Infections later in life, which are
more common in the United States, progress to
chronicity in only about 10 percent of the cases.
Fortunately, a vaccine is available for all age groups
to prevent hepatitis B virus infection. Although the
vaccine will not cure chronic carriers, it is 95 percent
effective in preventing the carrier state from
developing, and it is the first vaccine effective in
preventing a major human cancer.'®

Roughly 50 percent of those infected with
hepatitis C virus (HCV) are asymptomatic both at
the time of acute infection and later as the disease
progresses through specific stages of liver damage.
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Since most infected people are relatively free of
physical symptoms, by the time the disease
becomes apparent, liver damage can be
considerable and even irreversible. Unlike HBV,
there is no vaccine or effective method of treatment
for hepatitis C at this time. Researchers do know
that alcohol, other hepatitis viruses, and infection
with human immunodeficiency virus hasten
progression of the disease. Thus, individuals who
are infected with hepatitis C can reduce their risk
by abstaining from alcohol, and by receiving
vaccinations to prevent hepatitis A and B.
Furthermore, hepatitis C has been found to be
transmitted perinatally, albeit in only five percent of
births.'60

Hepatitis D (HDV), also known as delta
hepatitis, is caused by infection with hepatitis B
virus together with a defective RNA virus that can
replicate only in the presence of the virus causing
hepatitis B. Therefore, an individual must already
be infected with hepatitis B or become infected with
the two hepatitis viruses simultaneously. Hepatitis
D is most commonly transmitted through intravenous
drug use and sexual contact with an infected
person. Since this disease is contingent upon the
presence of hepatitis B, the vaccine for hepatitis B
will protect against HDV as well.®"

Although itis rare in the United States, hepatitis
E (HEV) is common in many developing countries
and is usually contracted from sewage-
contaminated water. The few cases that do occur
in the United States are among individuals who have
traveled to high-risk areas, such as Mexico, Asia,
and Africa. HEV results in acute symptoms
including fatigue, abdominal pain, loss of appetite,
nausea, diarrhea, dark urine, and jaundice.
Pregnant women are at particular risk of dying from
this infection. Chronic infection does not occur and
treatment usually consists of bed rest. Inthe United
States, it appears that several animal species harbor
a strain of HEV or a close relative. Although it
causes little disease and may be asymptomatic,
human transmission of HEV is being examined.
Vaccine development is underway and has
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progressed through clinical safety and immuno-
genicity studies.

NIAID scientists have, for years, devoted much
time and energy to the discovery, identification, and
characterization of various hepatitis viruses, and
to the development of diagnostic tests, treatments,
and preventive measures for hepatitis. In the past,
NIAID researchers have been key in the
development of the hepatitis A vaccine that is in
use worldwide, and they have also developed a
hepatitis E vaccine that is still being tested in human
volunteers. NIAID researchers are also
collaborating on testing a candidate hepatitis B
vaccine in China, discovering a new strain of
hepatitis D virus in the jungles of Brazil, and
studying the epidemiology of hepatitis E virus in
Pakistan.

A recent study finding by NIAID researchers
suggests that hepatitis E virus (HEV) is common
among wild rats in the United States. Despite the
infrequent occurrence of hepatitis E disease in the
United States, many people have HEV antibodies
in their blood—evidence that they were once
infected with the virus, even though it did not make
them sick. The finding raises questions about
whether there is any connection between rats and
HEYV infection in humans.

Scientists analyzed blood samples from 239 rats
captured in alleyways in Baltimore, MD; along the
Mississippi River levee in New Orleans, LA; and in
urban and rural areas of Hawaii. Tests revealed

that more than 80 percent of the rats had HEV
antibodies in their blood, evidence of prior HEV
infection.

Hepatitis E disease generally affects young
adults and usually is not life threatening, exceptin
pregnant women infected with the virus where
fatality rates of 15 to 20 percent have been reported.
According to the Centers for Disease Control and
Prevention (CDC), virtually all cases of hepatitis E
disease in the United States have occurred among
travelers returning from developing countries, where
the disease is endemic and spread through
contaminated drinking water. Nevertheless, tests
show that between one and five percent of healthy
blood donors in the United States have HEV
antibodies in their blood.

This raises the question as to why many people
throughout the United States have antibodies to
the virus in their blood when hepatitis E is so rare
in this country. It may be that the high prevalence
of HEV antibodies in the absence of disease is due
to infection with a strain of HEV that does not cause
disease. Sitill another possibility is that animals
serve as reservoirs of HEV and transmit a weakened
form of the virus to humans.

NIAID researchers recently isolated HEV from
swine in the United States, suggesting one possible
source of exposure. However, HEV antibodies are
detected primarily among residents of urban areas,
where people rarely encounter pigs. Rats, on the
other hand, have been ubiquitous city-dwellers for
hundreds of years. These data strongly suggest
that many wild rats in the United States are naturally
infected by HEV; however, it still must be determined
whether the HEV strain infecting rats is a new strain
unique to rats or a variant of already recognized
HEV strains. To answer that question, the
researchers will need to isolate and characterize
the rat virus, something they were unable to do in
the current study. Their data suggest that rats
become infected with HEV early in life. Other
studies have shown that HEV disappears from the
blood soon after HEV antibodies are produced. The
researchers’ best hope for isolating the virus,
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therefore, lies in trapping young rats that recently
have been infected with HEV.

The NIAID research group will attempt to pass
the virus from infected wild rats to rats raised in the
laboratory. In addition to providing clues about the
source of HEV antibodies in humans, their efforts
could result in an inexpensive new animal model
for studying HEV infection. Currently, scientists
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must use expensive primate models to study the
virus.

For now, the source of the high prevalence of
HEV antibodies in humans is still not known. The
possibility that the rat virus plays a role bears further
study. Atthistime, itis important to remember that
there is no evidence that rat HEV poses a threat to
human health.



BENEFITS OoF BiomEDICAL RESEARCH

Biomedical research has led to the prevention
and treatment of many diseases, including
those that particularly affect women and their
infants. For example, the development of a vaccine
for measles has greatly reduced the incidence of
this disease. In 1963, the year the vaccine was
licensed, there were 385,156 reported cases,
whereas in 1995, there were 309 cases.'®> See
Table 4 on the next page for selected highlights of
women’s health benefits accrued through NIAID
research.

Besides reducing suffering and saving lives,
scientific advances also translate into economic
savings through a reduction in the use of health
care services and through increased human
productivity. A good example of this involves
acyclovir treatment for neonatal herpes infection.
NIAID spent $5.1 million on developing this
treatment, and it is estimated that its use saves
$137.5 million to $183.2 million (in 1992 dollars)
each year.'®® Many of the recent scientific

advances described in this report have the potential
for benefiting society in the same manner as the
measles vaccine and neonatal herpes treatment.

In recent years, great strides have been made
in studying women’s health issues. The number of
studies that focus on these issues has increased,
and the inclusion of women in clinical trials is now
routine. Researchers now regularly address
questions concerning sex differences and do not
assume that data derived from studying men can
automatically be applied to women.

In many cases, research that has focused on
women has led to discoveries that also benefit men.
For example, NIAID-supported research on immune
system mechanisms that prevent a mother’s body
from rejecting her fetus led to the development of a
blood test that can determine who is most likely to
benefit from an organ transplant. This testis equally
useful for both sexes. Another example involves
research into the mechanisms of toxic shock
syndrome, which primarily affects women. This
research may also shed light on the mechanisms
of a related syndrome called septic shock, which
affects both sexes equally.

In the future, NIAID will continue to support
research on health issues involving women, and,
as with all biomedical research issues, the results
may have important implications for society as a
whole.
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Table 4: Key Women’s Health Benefits of NIAID Research

NIAID scientists have developed animal models of human papillomavirus infection
that can be used for testing drug candidates and possible microbicides.

Research supported by NIAID has led to the development of promising vaccine
candidates for chlamydia, genital herpes, human papillomavirus, group B
streptococcal infection, asthma, and some cancers.

The identification by NIAID-supported researchers of genetic resistance centers for
lupus and other autoimmune diseases has provided promise for future treatments for

autoimmune disease.

The discovery of possible asthma-related genes opens the door to diagnostic tests
that could potentially identify individuals susceptible to asthma and determine optimal
treatment for them.

The realization that some people with chronic fatigue syndrome (CFS) also suffered
from neurally mediated hypotension (a treatable disorder), led to the treatment of
NMH and to the alleviation of some CFS symptoms.
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GLOSSARY

adjuvant

allergen

allergy

antibody

antigen

arteriosclerosis

atherosclerosis

attenuation

autoimmune

disease

bacterium

carcinogen

A substance added to an antigen
in a vaccine to enhance or modify
the immune response to the
antigen.

An antigen that produces an allergic
response.

A hypersensitivity of the immune
system to a particular antigen, or
allergen. Exposure to the allergen
produces symptoms such as
redness, swelling, and mucus
production.

A protein molecule produced and
secreted by immune cells in
response to an antigen. The anti-
body binds to the antigen,
triggering reactions of the immune
system that are designed to
eliminate the antigen.

Any substance that, when
introduced into the body, stimulates
animmune response.

A thickening and hardening of
arterial walls.

A form of arteriosclerosis in which
fatty deposits form on the inner
walls of arteries and block the flow
of blood.

A reduction in the ability of a
microbe to cause disease.

A disease that results when
the disease immune system
mistakenly attacks the body’s
own tissues.

A microscopic organism com-
posed of a single cell. Many but
not all bacteria cause disease.

Cancer-causing substance.

chromosome

control group

culture

cytokines

ectopic
pregnancy

endocrine system

endometrium

enzyme

epidemiology

One of the bodies in the cell
nucleus that is the bearer of genes.

A group of subjects that are treated
in the same manner as the experi-
mental group with the exception that
they do not receive the intervention.
The control group is used to
compare the effects of intervention
with that of no intervention.

The propagation of microorganisms
or of living tissue cells in media
designed to support their growth.

Proteins secreted by immune cells
that act as signals for otherimmune
cells.

Development of an embryo in
a pregnancy location other

than the uterus, for example, in

a fallopian tube or in the
abdominal cavity.

The system of glands and other
system structures that controls
hormone release.

The inner membrane of the uterus.

A protein, produced by living cells,
that promotes the chemical reac-
tions of life without itself being
altered.

The science concerned with the
factors affecting the frequency and
distribution of disease for the
purpose of establishing programs
to prevent and control their
development and spread.
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fallopian tubes

gene

helper T cells

hormone

immune
response

immune system

immuno-
suppression

immunotherapy

incidence
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A pair of long slender tubes that
carry eggs from the ovaries to the
uterus.

The functional unit of heredity that
occupies a specific place on a
chromosome, is capable of repro-
ducing itself exactly at each cell
division, and directs the formation
of an enzyme or other protein.

T cells that help activate the im-
mune cells that produce antibodies.

A chemical, formed in one organ
or part of the body and carried in
the blood to another organ or part.
Hormones can alter the functional
activity and sometimes the structure
of one or several organs.

The reactions of the immune
system to foreign substances.

A complex system of cells and
molecules having the primary
function of protecting the body from
foreign organisms and substances.

Reduction of the immune sup-
pression responses, for instance,
by giving drugs to prevent trans-
plant rejection.

Atreatment that involves a mani-
pulation of the body’s immune
system—for example, the admini-
stration of an allergen in carefully
controlled increasing doses over
time to reduce the body’s allergic
reaction to that allergen.

The rate of occurrence of a di-
sease—for example, the percent-
age of people who contract a
particular disease within a year.

inflammation

interleukins

macrophage

major histo-
compatibility
complex
proteins

mast cells

microorganisms
(microbes)

molecule

mucous
membrane
(mucosa)

Redness, warmth, swelling, pain,
and loss of function produced in
response to injured tissue. Inflam-
mation results from increased blood
flow and an influx of immune cells
into the injured area. It initiates
the elimination of the injurious agent
and the injured tissue.

A major group of cytokines.

Atype ofimmune cell.

Cell surface proteins that help
control the immune response
against microbes or tumors.
These proteins present

antigens to nearby T cellsas a
sort of flag indicating that the
cellis infected or diseased.

Large granule-containing immune
cells found, among other places,
in the lungs. When activated, they
release the contents of their
granules, which cause allergic
symptoms.

Minute living organisms, in-
cluding bacteria, viruses, fungi,
and protozoa.

The smallest amount of a specific
chemical substance that can exist
alone. A molecule consists of one
or more atoms—for example, a
molecule of water consists of two
hydrogen atoms and one oxygen
atom.

A membrane rich in mucous
glands. Mucous membranes line
body passages and cavities that
communicate directly or indirectly

with the exterior.
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mucus

mutation

neonate

organism

pathogen

pelvic
inflammatory
disease

and ovaries.

perinatal

placebo

polysaccharides

prevalence

proteins

receptors,
cellular

A slippery secretion produced by
mucous membranes that moistens
and protects the membranes.

An alteration of a gene or
chromosome that can be inherited.

A newborn infant.

An individual living being.

A microorganism, such as a
bacterium, that parasitizes an
animal (or plant) or man and
produces a disease.

An ascending pelvic infection
causing inflammation of female
reproductive organs, such as

the uterus, fallopian tubes,

The time shortly before and after
birth.

Aninactive substance that is given
to the control group of patients in a
clinical trial. The purpose is to
compare the effects of medication
with that of no medication.

Large organic compounds
composed of different types of
sugar molecules.

The percentage of a population that
is affected with a particular disease
atany given time.

Large organic compounds
composed of smaller molecules
called amino acids.

A protein molecule, usually on
the cell surface, thatbindsto a
specific factor, such as an
antigen.

syndrome

systemic lupus
erythematosus

T cells

tolerance

topical
microbicide

urethra

vaccine

virus

A group of signs and symptoms
that occur together and charac-
terize a particular abnormality.

An inflammatory disorder charac-
terized by bleeding in the skin and
mucous membranes, inflammation
of the membrane enclosing the
heart, and possibly involvement
ofthe kidneys and central nervous
system. Of unknown cause, but
probably an autoimmune disease.

Small white blood cells that
orchestrate or directly participate
in immune defenses.

A state in which the immune system
does not respond to a particular
antigen or group of antigens.

A chemical that can be applied
to the surface of the body to kil
microorganisms. In connection
with sexually transmitted diseases,
a topical microbicide would be
applied in the vagina or rectum to
kill the microbes that cause these
diseases.

The canal that carries urine from
the bladder to the outside. In men,
it also carries semen.

A substance that contains
antigenic components from an
infectious organism. By stimulating
an immune response (but not
disease), it protects against
subsequent infection by that
organism.

Submicroscopic microbe that
causes infectious disease. Viruses
can reproduce only in living cells.
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